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(57) Abstract 

fcn*ymatic RNA molecules which cleave ICAM-I mRNA, IL-5 mRNA, ret A mRNA, TNF-u mRNA, RSV mRNA or 
RSV genomic RNA, or CML associated mRNA, and use of ihese molecules for the treatment of pathological con Jii ions 
related to those mRNA-levcls; ribonudeosides or nucleotides modified in 2\ 3* or 5', methods for their synthesis, 
purification and deprotection; vectors containing multiple enzymatic nucleic acids, optionally in chimeric form with 
iRNAs; method for introducing enzymatic nucleic acids into cells by forming a complex with a second nucleic acid, where 
the complex is capable of taking an R-loop base-paired structure; method for altering a mutant nucleic acid in vivo by 
hybridization with an oligonucleotide capable of activating dsRNA deaminase, comprising an enzymatic activity or a 
chemical mutagen. Further are disclosed trans-cleaving or -ligaiing hairpin ribozymcs lacking a substrate RNA moiety, as 
well as hammerhead ribozymes having an interconnecting loop between base pairs in stem II. 
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METHOD AND REAGENT FOR INHIBITING THE EXPRESSION 
OF DISEASE RELATED GENES 

Background of the Invention 

This invention relates to reagents useful as inhibitors of gene 
expression relating to diseases such as inflammatory or autoimmune 
disorders, chronic myelogenous leukemia, or respiratory tract illness. 

5 Summary of the Invention 

The Invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting the expression of disease related 
genes, e^, ICAM-1, IL-5, relA, TNF-a, p210 bcr-abl ( an( j respiratory 
syncytial virus genes. Such ribozymes can be used in a method for 
1 0 treatment of diseases caused by the expression of these genes in man and 
other animals, including other primates. 

Ribozymes are RNA molecules having an enzymatic activity which is 
able to repeatedly cleave other separate RNA molecules in a nucleotide 
base sequence specific manner. Such enzymatic RNA molecules can be 
15 targeted to virtually any RNA transcript, and efficient cleavage has been 
achieved in vitro. Kim et al. t 84 Proc. Natl. Acad. Sci t USA 8788, 1987; 
Haseloff and Geriach, 334 Nature 585, 1988; Cech, 260 JAMA 3030, 1988; 
and Jefferies et aL, 17 Nucleic Acids Research 1371, 1989. 

. Six basic varieties of naturally-occurring enzymatic RNAs are known 
20 presently. Each can catalyze the hydrolysis of RNA phosphodi'ester bonds 
in trans (and thus can cleave other RNA molecules) under physiological 
conditions. Table 1 summarizes some of the characteristics of these 
ribozymes. 

Ribozymes act by first binding to a target RNA. Such binding occurs 
25 through the target RNA binding portion of a ribozyme which is held in close 
proximity to an enzymatic portion of the RNA which acts to cleave the target 
RNA. Thus, the ribozyme first recognizes and then binds a target RNA 
through complementary base-pairing, and once bound to the correct site, 
acts enzymaticady to cut the target RNA. Strategic cleavage of such a 
30 target RNA will destroy its ability to direct synthesis of an encoded protein. 
After a ribozyme has bound and cleaved its RNA target it is released from 
that RNA to search for another target and can repeatedly bind and cleave 
new targets. 
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The enzymatic nature of a ribozyme is advantageous over other 
technologies, such as antisense technology (where a nucleic acid 
molecule simply binds to a nucleic acid target to block its translation) since 
the effective concentration of ribozyme necessary to effect a therapeutic 
5 treatment is lower than that of an antisense oligonucleotide. The 
advantage reflects the ability of the ribozyme to act enzymatically. Thus, a 
single ribozyme molecule is able to cleave many molecules of target RNA. 
In addition, the ribozyme is a highly specific inhibitor, with the specificity of 
inhibition depending not only on the base pairing mechanism of binding, 

10 but also on the mechanism by which the molecule inhibits the expression 
of the RNA to which it binds. That is, the inhibition is caused by cleavage of 
the RNA target and so specificity is defined as the ration of the rate of 
cleavage of the targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors additional to 

15 those involved in base pairing. Thus, it is thought that the specificity of 
action of a ribozyme is greater than that of antisense oligonucleotide 
binding the same RNA site. With their catalytic activity and increased site 
specificity, ribozymes represent more potent and safe therapeutic 
molecules than antisense oligonucleotides. 

20 Thus, in a first aspect, this invention relates to ribozymes, or enzymatic 

RNA molecules, directed to cleave RNA species encoding ICAM-1, IL-5, 
relA, TNF-a, P 210 bc r-abt t or RSV proteins. In particular, applicant 
describes the selection and function of ribozymes capable of cleaving 
these RN As and their use to reduce levels of ICAM-1 , IL-5, relA, TNF-a, 

25 p210 bor-abl or RSV proteins in various tissues to treat the diseases 
discussed herein. Such ribozymes are also useful for diagnostic uses. 

Applicant indicates that these ribozymes are able to inhibit expression 
of ICAM-1, IL-5, rel A, TNF-a, p210t»cr-abl | or RSV genes and that the 
catalytic activity of the ribozymes is required for their inhibitory effect. 
30 Those of ordinary skill in the art, will find that it is clear from the examples 
described that other ribozymes that cleave target ICAM-1, IL-5, rel A, TNF- 
a, p210 bcr " abl , or RSV encoding mRNAs may be readily designed and are 
within the invention. 

These chemically or enzymatically synthesized RNA molecules 
35 contain substrate binding domains that bind to accessible regions of their 
target mRNAs. The RNA molecules also contain domains that catalyze the 
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cleavage of RNA. Upon binding, the ribozymes cleave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene" is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
1 0 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is, the enzymatic RNA molecule is able to 
intermoieculariy cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
1 5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivalent* RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
20 including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have similar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for examplke, Hoogsteen type) of base- 
25 paired interactions. 

In preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is formed in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Neurospora VS RNA. 

30 Examples of such hammerhead motifs are described by Rossi et a/., 1992, 
Aids Research and Human Retroviruses , 8,183, of hairpin motifs by 
Hampel and Tritz, 1989 Biochemistry. 28, 4929, EP 0360257 and Hampel 
et al. a 1990, Nucleic Acids Res. 18,299 and an example of the hepatitis 
delta virus motif is described by Perotta and Been, 1992 Biochemistry. 31 

35 16 of the RNaseP motif by Guerrier-Takada et a!., 1983 Celt. 35 849, 
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cleavage of RNA. Upon binding, the ribozymes cleave the target encoding 
mRNAs, preventing translation and protein accumulation. In the absence 
of the expression of the target gene, a therapeutic effect may be observed. 

By "gene" is meant to refer to either the protein coding regions of the 
5 cognate mRNA, or any regulatory regions in the RNA which regulate 
synthesis of the protein or stability of the mRNA; the term also refers to 
those regions of an mRNA which encode the ORF of a cognate polypeptide 
product, and the proviral genome. 

By "enzymatic RNA molecule" it is meant an RNA molecule which has 
10 complementarity in a substrate binding region to a specified gene target, 
and also has an enzymatic activity which is active to specifically cleave 
RNA in that target. That is, the enzymatic RNA molecule is able to 
intermolecularly cleave RNA and thereby inactivate a target RNA molecule. 
This complementarity functions to allow sufficient hybridization of the 
1 5 enzymatic RNA molecule to the target RNA to allow the cleavage to occur. 
One hundred percent complementarity is preferred, but complementarity as 
low as 50-75% may also be useful in this invention. By "equivalent" RNA to 
a virus is meant to include those naturally occurring viral encoded RNA 
molecules associated with viral caused diseases in various animals, 
20 including humans, cats, simians, and other primates. These viral or viral- 
encoded RNAs have similar structures and equivalent genes to each other. 

By "complementarity" it is meant a nucleaic acid that can form 
hydrogen bond(s) with other RNA sequence by either traditional Watson- 
Crick or other non-traditional types (for examplke, Hoogsteen type) of base- 
25 paired interactions. 

In preferred embodiments of this invention, the enzymatic nucleic 
acid molecule is formed in a hammerhead or hairpin motif, but may also be 
formed in the motif of a hepatitis delta virus, group I intron or RNaseP RNA 
(in associateion with an RNA guide sequence) or Neurospora VS RNA. 

30 Examples of such hammerhead motifs are described by Rossi et a/., 1992, 
Aids Research and Human Retroviruses t 8,183, of hairpin motifs by 
Hampel and Tritz, 1989 Biochemistry. 28, 4929, EP 0360257 and Hampel 
et al., 1990, Nucleic Acids Res. 18,299 and an example of the hepatitis 
delta virus motif is described by Perotta and Been, 1992 Biochemistry . 31 

35 16 of the RNaseP motif by Guerrier-Takada et al. f 1983 Cell . 35 849, 
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expressed in eukaryotic cells from the appropriate DNA or RNA vector. The 
activity of such ribozymes can be augmented by their release from tlie 
primary transcript by a second ribozyme (Draper et al, PCT W093/23569, 
and Sullivan et al., PCT WO94/02595, both hereby incorporated in their 
5 totality by reference herein; Ohkawa, J., et aL, 1992, Nucleic Acids Svmp. 
Ser. 27, 15-6; Taira, K. et al. f Nucleic Acids Res.. 19, 5125-30; Ventura, M., 
et al., 1993, Nucleic Acids Res.. 21, 3249-55, Chowrira et a!., 1994 J. Biol. 
Chem.. 269, 25856 ). 

By "inhibit" is meant that the activity or level of ICAM-1,Rel A, IL-5, 
10 TNF-a, p210 bcr " abl or RSV encoding mRNA is reduced below that 
observed in the absense of the ribozyme,. and preferably is below that level 
observed in the presence of an inactive RNA molecule able to bind to the 
same site on the mRNA, but unable to cleave that RNA. 

Such ribozymes are useful for the prevention of the diseases and 
1 5 conditions discussed above, and any other diseases or conditions that are 
related to the level of ICAM-1, IL-5, Rel A, TNF-a, P 210 bcr -abl or RSV 
protein or activity in a cell or tissue. By "related" is meant that the inhibition 
of ICAM-1, IL-5, Rel A, TNF-a, p210 bcr ~a b ' or RSV mRNA translation, and 
thus reduction in the level of, ICAM-1, IL-5, Rel A, TNF-a, p210 bcr * abJ or 
20 RSV proteins will relieve to some extent the symptoms of the disease or 
condition. 

Ribozymes are added directly, or can -be complexed with cationic 
lipids, packaged within liposomes, or otherwise delivered to target cells. 
The RNA or RNA complexes can be locally administered to relevant tissues 
25 through the use of a catheter, infusion pump or stent, with or without their 
incorporation in biopolymers. In preferred embodiments, the ribozymes 
have binding arms which are complementary to the sequences in Tables 
2,3,6-9, 11, 13, 15-23, 27, 28, 31, 33, 34, 36 and 37. 

Examples of such ribozymes are shown in Tables 4-8, 10, 12, 14-16, 
30 19-22, 24, 26-28, 30, 32, 34 and 36-38. Examples of such ribozymes 
consist essentially of sequences defined in these Tables. By "consists 
essentially of is meant that the active ribozyme contains an enzymatic 
center equivalent to those in the examples, and binding arms able to bind 
mRNA such that cleavage at the target site occurs. Other sequences may 
35 be present which do not interfere with such cleavage. 



NUC 37610 



WO 95/23 Z2S 



PCT/IB95/00156 



Those in the art will recognize that these sequences are 
representative only of many more such sequences where the enzymatic 
portion of the ribozyme (all but the binding arms) is altered to affect activity. 
For example, stem-loop il sequence of hammerhead ribozymes listed in 
5 the above identified Tables can be altered (substitution, deletion, and/or 
insertion) to contain any sequences provided a minimum of two base- 
paired stem structure can form. Similarly, stem-loop IV sequence of hairpin 
ribozymes listed in the above identified Tables can be altered (substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
10 two base-paired stem structure can form. The sequence listed in the 
above identified Tables may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

In another aspect of the invention, ribozymes that cleave target 

15 molecules and inhibit 1CAM-1, IL-5, Rel A, TNF-a, p210 bcr *abl or rsv 
gene expression are expressed from transcription units inserted into DNA, 
RNA, or viral vectors. Another means of accumulating high concentrations 
of a ribozyme(s) within cells is to incorporate the ribozyme-encoding 
sequences into a DNA or RNA expression vector. Transcription of the 

20 ribozyme sequences are driven from a promoter for eukaryotic RNA 
polymerase I (pol I), RNA polymerase II (pol ll) f or RNA polymerase III (pol 
III). Transcripts from pol II or pol 111 promoters will be expressed at high 
levels in all cells; the levels of a given pol II promoter in a given cell type 
will depend on the nature of the gene regulatory sequences (enhancers, 

25 silencers, etc.) present nearby. Prokaryotic RNA polymerase promoters are 
also used, providing that the prokaryotic RNA polymerase enzyme is 
expressed in the appropriate cells (Elroy-Stein and Moss, 1990 Proc. Natl. 
Acad. Sci. USA, 87, 6743-7; Gao and Huang 1993 Nucleic Acids Res., 21 
2867-72; Lieber et al., 1993 Methods EnzymoL, 217, 47-66; Zhou et al. a 

30 1990 Mol. Cell. Biol., 10, 4529-37). Several investigators have 
demonstrated that ribozymes expressed from such promoters can function 
in mammalian cells (e.g. Kashani-Sabet et al., 1992 Antisense Res. Dev., 
2, 3-15; Ojwang et al., 1992 Proc. Nail. Acad. Sci. USA, 90, 6340-4; 
L'Huiller et al. t 1992 EMBO J. 11, 441 1-8; Lisziewicz et al., 1993 Proc. Natl. 

35 Acad. Sci. U.S.A., 90 8000-4). The above ribozyme transcription units can 
be incorporated into a variety of vectors for introduction into mammalian 
cells, including but not restricted to, plasmid DNA vectors, viral DNA vectors 
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(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral or alphavirus vectors). 

Other features and advantages of the invention will be apparent from 
the following description of the preferred embodiments thereof, and from 
5 the claims. 

Description Of The Preferred Embodiments 
The drawings will first briefly be described. 
Drawings; 

Figure 1 is a diagrammatic representation of the hammerhead 
1 0 ribozyme domain known in the art. Stem II can be £ 2 base-pair long. 

Figure 2(a) is a diagrammatic representation of the hammerhead 
ribozyme domain known in the art; Figure 2(b) is a diagrammatic 
representation of the hammerhead ribozyme as divided by Uhlenbeck 
(1987, Nature, 327, 596-600) into a substrate and enzyme portion; Figure 
1 5 2(c) is a similar diagram showing the hammerhead divided by Haseloff and 
Geiiach (1988, Nature, 334, 585-591) into two portions; and Figure 2(d) is 
a similar diagram showing the hammerhead divided by Jeffries and 
Symons (1989, NucL Acids. Res., 17, 1371-1371) into two portions. 

Figure 3 is a diagrammatic representation of the general structure of a 
20 hairpin ribozyme. Helix 2 (H2) is provided with a least 4 base pairs (i.e., n 
is 1,2,3 or 4) and helix 5 can be optionally provided of length 2 or more 
bases (preferably 3-20 bases, i.e., m is from 1-20 or more). Helix 2 and 
helix 5 may be covalently linked by one or more bases (i.e., r is £ 1 base). 
Helix 1, 4 or 5 may also be extended by 2 or more base pairs {e.g., 4-20 
25 base pairs) to stabilize the ribozyme structure, and preferably is a protein 
binding site. In each instance, each N and N' independently is any normal 
or modified base and each dash represents a potential base-pairing 
interaction. These nucleotides may be modified at the sugar, base or 
phosphate. Complete base-pairing is not required in the helices, but is 
30 preferred. Helix 1 and 4 can be of any size (i.e., o and p is each 
independently from 0 to any number, e.g. 20) as long as some base-pairing 
is maintained. Essential bases are shown as specific bases in the 
structure, but those in the art will recognize that one or more may be 
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modified chemically (abasic, base, sugar and/or phosphate modifications) 
or replaced with another base without significant effect. Helix 4 can be 
formed from two separate molecules, /.©., without a connecting loop. The 
connecting loop when present may be a ribonucleotide with or without 
5 modifications to its base, sugar or phosphate, "q" is £ 2 bases. The 
connecting ioop can also be replaced with a non-nucleotide linker 
molecule. H refers to bases A, U, or C. Y refers to pyrimidine bases. 
" " refers to a covalent bond. 

Figure 4 is a representation of the general structure of the hepatitis 
1 0 delta virus ribozyme domain known in the art. 

Figure 5 is a representation of the genera! structure of the self- 
cleaving VS RNA ribozyme domain. 

Figure 6 is a diagrammatic representation of the genetic map of RSV 
strain A2. 

15 Figure 7 is a diagrammatic representation of the solid-phase 

synthesis of RNA. 

Figure 8 is a diagrammatic representation of exocyclic amino 
protecting groups for nucleic acid synthesis. 

Figure 9 is a diagrammatic representation of the deprotection of RNA. 

20 Figure 10 is a graphical representation of the cleavage of an RNA 

substrate by ribozymes synthesized, deprotected and purified using the 
improved methods described herein. 

Figure 1 1 is a schematic representation of a two pot deprotection 
protocol. Base deprotection is carried out with aqueous methyl amine at 65 
25 °C for 10 min. The sample is dried in a speed-vac for 2-24 hours 
depending on the scale of RNA synthesis. Silyl protecting group at the 2*- 
hydroxyl position is removed by treating the sample with 1.4 M anhydrous 
HFat 65°Cfor1.5 hours. 

Figure 12 is a schematic representation of a one pot deprotection of 
30 RNA synthesized using RNA phosphoramidite chemistry. Anhydrous 
methyl amine is used to deprotect bases at 65°C for 15 min. The sample is 
allowed to cool for 10 min before adding TEA»3HF reagent, to the same 
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pot, to remove protecting groups at the ^-hydroxyl position. The 
deprotection is carried out for 1 .5 hours. 

Figs. 13a - b is a HPLC profile of a 36 nt long ribozyme, targeted to 
site B. The RNA is deprotected using either the two pot or the one pot 
5 deprotection protocol. The peaks corresponding to full-length RNA is 
indicated. The sequence for site B is CCUGGGCCAGGGAUUA 
AUGGAGAUGCCCACU. 

Figure 14 is a graph comparing RNA cleavage activity of ribozymes 
deprotected by two pot vs one pot deprotection protocols. 

10 Figure 15 is a schematic representation of an improved method of 

synthesizing RNA containing phosphorothioate linkages. 

Figure 16 shows RNA cleavage reaction catalyzed by ribozymes 
containing phosphorothioate linkages. Hammerhead ribozyme targeted to 
site C is synthesized such that 4 nts at the 5' end contain phosphorothioate 
1 5 linkages. P=0 refers to ribozyme without phosphorothioate linkages. P=S 
refers to ribozyme with phosphorothioate linkages. The sequence for site C 
is UCAUUUUGGCCAUCUC UUCCUUCAGGCGUGG. 

Figure 17 is a schematic representation of synthesis of 2*-N- 
phtaiimido-nucleoside phosphoramidite. 

20 Figure 18 is a diagrammatic representation of a prior art method for 

the solid-phase synthesis of RNA using silyl ethers, and the method of this 
invention using SEM as a 2'-protecting group. 

Figure 19 is a diagrammatic representation of the synthesis of 2'- 
SEM-protected nucleosides and phosphoramidites useful for the synthesis 
25 of RNA. B is any nucleotide base as exemplified in the Figure, P is purine 
and I is inosine. Standard abbreviations are used throughout this 
application, well known to those in the art. 

Figure 20 is a diagrammatic representation of a prior art method for 
deprotection of RNA using TBDMS protection of the 2'-hydroxyl group. 

30 Figure 21 is a diagrammatic representation of the deprotection of RNA 

having SEM protection of the 2'-hydroxyl group. 
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Figure 22 is a representation of an HPLC chromatogram of a fully 
deprotected 10-mer of uridylic acid. 

Figs. 23 - 25 are diagrammatic representations of hammerhead, 
hairpin or hepatitis delta virus ribozyme containing self-processing RNA 
5 transcript. Solid arrows Indicate self-processing sites. Boxes indicate the 
sites of nucleotide substitution. Solid lines are drawn to show the binding 
sites of primers used in a primer-extension assay. Lower case letters 
indicate vector sequence present in the RNA when transcribed from a 
H/ndlll-linearized plasmid. (23) HH Cassette, transcript containing the 

10 hammerhead trans-acting ribozyme linked to a 3' cis-acting hammerhead 
ribozyme. The structure of the hammerhead ribozyme is based on 
phylogenetic and mutational analysis (reviewed by Symons, 1992 supra) . 
The trans ribozyme domain extends from nucleotide 1 through 49. After 3'- 
end processing, the trans-ribozyme contains 2 non-ribozyme nucleotides 

15 (UC at positions 50 and 51) at its 3' end. The 3' processing ribozyme is 
comprised of nucleotides 44 through 96. Roman numerals I, II and HI, 
indicate the three helices that contribute to the structure of the 3' cis-acting 
hammerhead ribozyme (Hertel et al., 1992 Nucleic Acids Res. 20, 3252). 
Substitution of G70 and A71 to U and G respectively, inactivates the 

20 hammerhead ribozyme (Ruffner et al., 1990 Biochemistry 29, 10695) and 
generates the HH(mutant) construct. (24) HP Cassette, transcript 
containing the hammerhead trans-acting ribozyme linked to a 3* cis-acting 
hairpin ribozyme. The structure of the hairpin ribozyme is based on 
phylogenetic and mutational analysis (Berzal-Herranz et al., 1993 EMBO. J 

25 12, 2567). The trans-ribozyme domain extends from nucleotide 1 through 
49. After 3'-end processing, the trans-ribozyme contains 5 non-ribozyme 
nucleotides (UGGCA at positions 50 to 54) at its 3' end. The 3* cis-acting 
ribozyme is comprised of nucleotides 50 through 115. The transcript 
named HP(GU) was constructed with a potential wobble base pair 

30 between G52 and U77; HP(GC) has a Watson-Crick base pair between 
G52 and C77. A shortened helix 1 (5 base pairs) and a stable tetraloop 
(GAAA) at the end of helix 1 was used to connect the substrate with the 
catalytic domain of the hairpin ribozyme (Feldstein & Bruening, 1993 
Nucleic Acids Res. 21, 1991; Altschuler et al, 1992 supra) . (25) HDV 

35 Cassette, transcript containing the trans-acting hammerhead ribozyme 
linked to a 3' cis-acting hepatitis delta virus (HDV) ribozyme. The 
secondary structure of the HDV ribozyme is as proposed by Been and 
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coworkers (Been et ah, 1992 Biochemistry 31, 1 1843). The trans-ribozyme 
domain extends from nucleotides 1 through 48. After 3'-end processing, 
the trans-ribozyme contains 2 non-ribozyme nucleotides (AA at positions 
49 to 50) at its 3' end. The 3' cis-acting HOV ribozyme is comprised of 
5 nucleotides 50 through 114. Roman numerals I, II, III & IV, indicate the 
location of four helices within the 3' cis-acting HDV ribozyme (Perrota & 
Been, 1991 Nature 350, 434). The AHDV transcript contains a 31 
nucleotide deletion in the HDV portion of the transcript (nucleotides 84 
through 115 deleted). 

10 Fig. 26 is a schematic representation of a plasmid containing the 

insert encoding self-processing cassette. The figure is not drawn to scale. 

Fig. 27 demonstrates the effect of 3' flanking sequences on RNA self- 
processing in vitro. H, Plasmid templates linearized with H/ndllt restriction 
enzyme. Transcripts from H templates contain four non-ribozyme 
15 nucleotides at the 3' end. N, Plasmid templates linearized with Nde\ 
restriction enzyme. Transcripts from N templates contain 220 non- 
ribozyme nucleotides at the 3' end. R, Plasmid templates linearized with 
Heal restriction enzyme. Transcripts from R templates contain 450 non- 
ribozyme nucleotides at the 3' end. 

20 Fig. 28 shows the effect of 3' flanking sequences on the trans- 

cleavage reaction catalyzed by a hammerhead ribozyme. A 622 nt 
internally-labeled RNA (<10 nM) was incubated with ribozyme (1000 nM) 
under single turn-over conditions (Herschlag and Cech, 1990 Biochemistry 
29, 10159). HH+2, HH+37, and HH+52 are trans-acting ribozymes 

25 produced by transcription from the HH, AHDV, and HH(mutant) constructs, 
respectively, and that contain 2, 37 and 52 extra nucleotides on the 3' end. 
The plot of the fraction of uncleaved substrate versus time was fit to a 
double exponential curve using the KaleidaGraph graphing program 
(Synergy Software, Reading, PA). A double exponential curve fit was used 
. 30 * because the data points did not fall on a single exponential curve, 
presumably due to varying conformers of ribozyme and/or substrate RNA. 

Fig. 29 shows RNA self-processing in OST7-1 cells. In vitro lanes 
contain full-length, unprocessed transcripts that were added to cellular 
lysates prior to RNA extraction. These RNAs were either pre-incubated 
35 with MgCl2 (+) or with DEPC-treated water (-) prior to being hybridized 
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with 5* end-labeled primers. Cellular lanes contain total cellular RNA from 
cells transfected with one of the four self-processing constructs. Cellular 
RNA are probed for ribozyme expression using a sequence specific primer- 
extension assay. Solid arrows indicate the location of primer extension 
5 bands corresponding to Full-Length RNA and 3' Cleavage Products. 

Figs. 30,31 are diagrammatic representations of self-processing 
cassettes that will release trans-acting ribozymes with defined, stable stem- 
loop structures at the 5' and the 3' end following self-processing. 30, 
shows various permutations of a hammerhead self-processing cassette. 31 , 
1 0 shows various permutations of a hairpin self-processing cassette. 

Figs. 32a~b Schematic representation of RNA polymerse 111 promoter 
structure. Arrow indicates the transcription start site and the direction of 
coding region. A, B and C, refer to consensus A, B and C box promoter 
sequences. I, refers to intermediate cis-acting promoter sequence. PSE, 
15 refers to proximal sequence element. DSE, refers to distal sequence 
element. ATF, refers to activating transcription factor binding element. ?, 
refers to cis-acting sequence element that has not been fully characterized. 
EBER, Epstein-Barr-virus-encoded-RNA. TATA is a box well known in the 
art. 

20 Figs. 33a-e Sequence of the primary tRNAj met and A3-5 transcripts. 

The A and B box are internal promoter regions necessary for pol III 
transcription. Arrows indicate the sites of endogenous tRNA processing. 
The A3-5 transcript is a truncated version of tRNA wherein the sequence 3* 
of B box has been deleted (Adeniyi-Jones et al., 1984 supra). This 

25 modification renders the A 3-5 RNA resistant to endogenous tRNA 
processing. 

Figure 34. Schematic representation of RNA structural motifs inserted 
into the A3-5 RNA. A3-5/HHI- a hammerhead (HHI) ribozyme was cloned 
at the 3' region of A3-5 RNA; S3- a stable stem-loop structure was 

30 incorporated at the 3' end of the A3-5/HHI chimera; S5- stable stem-loop 
structures were incorporated at the 5' and the 3' ends of A3-5/HHI ribozyme 
chimera; S35- sequence at the 3' end of the A3-5/HHI ribozyme chimera 
was altered to enable duplex formation between the 5' end and a 
complementary 3' region of the same RNA; S35Plus- in addition to 

35 structural alterations of S35, sequences were altered to facilitate additional 
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duplex formation within the non-ribozyme sequence of the A3-5/HHI 

chimera. 

Figures 35 and 36. Northern analysis to quantitate ribozyme 
expression in T cell lines transduced with A3-5 vectors. 35) A3-5/HHI and 
5 its variants were cloned individually into the DC retroviral vector (Sullenger 
et al., 1990 supra). Northern analysis of ribozyme chimeras expressed in 
MT-2 cells was performed. Total RNA was isolated from cells 
(Chomczynski.& Sacchi, 1987 Analytical Biochemistry 162, 156-159), and 
transduced with various constructs described in Fig. 34. Northern analysis 

10 was carried out using standard protocols (Curr. Protocols MoL Biol 1992, 
ed. Ausubel et al., Wiley & Sons, NY). Nomenclature is same as in Figure 
34. This assay measures the level of expression from the type 2 pal III 
promoter. 36) Expression of S35 constructs in MT2 cells. S35 (+ribozyme) l 
S35 construct containing HHI ribozyme. S35 (-ribozyme), S35 construct 

15 containing no ribozyme. 

Figure 37. Ribozyme activity in total RNA extracted from transduced 
MT-2 cells. Total RNA was isolated from cells transduced with A3 -5 
constructs described in Figs. 35 and 36 In a standard ribozyme cleavage 
reaction, 5 jig total RNA and trace amounts of 5' terminus-labeled ribozyme 

20 target RNA were denatured separately by heating to 90°C for 2 min in the 
presence of 50 mM Tris-HCI, pH 7.5 and 10 mM MgCI 2 . RNAs were 
renatured by cooling the reaction mixture to 37°C for 10-15 min. Cleavage 
reaction was initiated by mixing the labeled substrate RNA and total 
cellular RNA at 37°C. The reaction was allowed to proceed for - 18h, 

25 following which the samples were resolved on a 20 % urea-polyacrylamide 
gel. Bands were visualized by autoradiography. 

Figures 38 and 39. Ribozyme expression and activity levels in S35- 
transduced clonal CEM cell lines. 38) Northern analysis of S35- 
transduced clonal CEM cell lines. Standard curve was generated by 
. 30 spiking known concentrations of in vitro transcribed S5 RNA into total 
cellular RNA isolated from non-transduced CEM cells. Pool, contains RNA 
from pooled ceils transduced with S35 construct. Pool (-G418 for 3 Mo), 
contains RNA from pooled cells that were initially selected for resistance to 
G418 and then grown in the absence of G418 for 3 months. Lanes A 
35 through N contain RNA from individual clones that were generated from the 
pooled cells transduced with S35 construct. tRNAj met , refers to the 
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endogenous tRNA. S35, refers to the position of the ribozyme band. M, 
marker lane. 39) Activity levels in S35-transduced clonal CEM cell lines. 
RNA isolation and cleavage reactions were as described in Fig.37. 
Nomenclature is same as in Figs. 35 and 36 except, S, 5' terminus-labeled 
5 substrate RNA. P, 8 nt 5' terminus-labeled ribozyme-mediated RNA 
cleavage product. 

Figures 40 and 41 are proposed secondary structures of S35 and 
S35 containing a desired RNA (HHI), respectively. The position of HHI 
ribozyme is indicated in figure 41. Intramolecular stem refers to the stem 
10 structure formed due to an intramolecular base-paired interaction between 
the 3' sequence and the complementary 5' terminus. The length of the 
stem ranges from 15-16 base-pairs. Location of the A and the B boxes are 
shown. 

Figures 42 and 43 are proposed secondary structures of S35 plus 
15 and S35 plus containing HHI ribozyme. 

Figures 44, 45, 46 and 47 are the nucleotide base sequences of S35, 
HHIS35, S35 Plus, and HHIS35 Plus respectively. 

Figs. 48a-b is a general formula for pol III RNA of this invention. 

Figure 49 is a digrammatic representation of 5T construct. In this 
20 construct the desired RNA is located 3* of the intramolecular stem. 

Figures 50 and 51 contain proposed secondary structures of 5T 
construct alone and 5T contruct containing a desired RNA (HHI ribozyme) 
. respectively. 

Figure 52 is a diagrammatic representation of TRZ-tRNA chimeras. 
25 The site of desired RNA insertion is indicated. 

Figure 53 shows the general structure of HHITRZ-A ribozyme chimera. 
A hammerhead ribozyme targeted to site I is inserted into the stem II region 
of TRZ-tRNA chimera. 

Figure 54 shows the general structure of HPITRZ-A ribozyme chimera. 
30 A hairpin ribozyme targeted to site I is cloned into the indicated region of 
TRZ-tRNA chimera. 
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Figure 55 shows a comparison of RNA cleavage activity of HHITRZ-A, 
HHITRZ-B and a chemically synthesized HHI hammerhead ribozymes. 

Figure 56 shows expression of ribozymes in T cell lines that are stably 
transduced with viral vectors. M, markers; lane 1, non-transduced CEM 
5 cells; lanes 2 and 3, MT2 and CEM cells transduced with retroviral vectors; 
lanes 4 and 5, MT2 and CEM cells transduced with AAV vectors. 

Figs. 57a-b Schematic diagram of adeno-associated virus and 
adenovirues vectors for ribozyme delivery. Both vectors utilize one or more 
ribozyme encoding transcription units (RZ) based on RNA polymerase II or 

10 RNA polymerase III promoters. A. Diagram of an AAV-based vector 
containing minimal AAV sequences comprising the inverted terminal 
repeats (ITR) at each end of the vector genome, an optional selectable 
marker (Neo) driven by an exogenous promoter (Pro), a ribozyme 
transcription unit, and sufficient additional sequences (stuffer) to maintain a 

15 vector length suitable for efficient packaging. B. Diagram of ribozyme 
expressing adenovirus vectors containing deletions of one or more wild 
type adenoviorus coding regions (cross-hatched boxes marked as E1 f pIX, 
E3, and E4), and insertion of the ribozyme transcription unit at any or 
several of those regions of deletions. 

20 Fig. 58 is a graph showing the effect of arm length variation on the 

activity of ligated hammerhead (HH) ribozymes. Nomenclature 5/5, 6/6, 
7/7, 8/8 and so on refers to the number of base-pairs being formed between 
the ribozyme and the target. For example, 5/8 means that the HH ribozyme 
forms 5 bp on the 5* side and 8 bp on the 3' side of the cleavage site for a 

25 total of 13 bp. -AG refers to the free energy of binding calculated for base- 
paired interactions between the ribozyme and the substrate RNA (Turner 
and Sugimoto, 1988 Ann. Rev. Biophvs. Chem. 17. 167). RPI A is a HH 
ribozyme with 6/6 binding arms. 

Figs. 59 and 60 and 61 show cleavage of long substrate (622 nt) by 
30 ligated HH ribozymes. 

Fig. 62 is a diagrammatic representation of a hammerhead ribozyme 
(HH-H) targeted against a site termed H. Variants of HH-H are also shown 
that contain either a 2 base-paired stem II (HH-H1 and HH-H2) or a 3 base- 
paired stem II (HH-H3 and HH-H4). 
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Figs. 63 and 64 show RNA cleavage activity of HH-I and its variants 
(see Fig.62). 63) cleavage of matched substrate RNA (15 nt). 64) cleavage 
of long substrate RNA (613 nt). 

Figs. 65a-b is a schematic representation of a method of this invention 
5 to synthesize a full length hairpin ribozyme. No splint strand is required for 
ligation but rather the two fragments hybridize together at helix 4 prior to 
ligation. The only prerequisite is that the 3' fragment is phosphorylated at 
its 5' end and that the 3' end of the 5' fragment have a hydroxy! group. The 
hairpin ribozyme is targeted against site J. H1 and H2 are intermolecular 
1 0 helices formed between the ribozyme and the substrate. H3 and H4 are 
intramolecular helices formed within the hairpin ribozyme motif. Arrow 
indicates the cleavage site. 

Fig. 66 shows RNA cleavage activity of ligated hairpin ribozymes 
targeted against site J. 

15 Figs. 67a-b is a diagrammatic representation of a Site K Hairpin 

Ribozyme (HP-K) showing the proposed secondary structure of the hairpin 
ribozyme •substrate complex as described in the art (Berzal-Herranz et a/., 
1993 EMBO. J. 12, 2567). The ribozyme has been assembled from two 
fragments (bimolecular ribozyme; Chowrira and Burke, 1992 Nucleic Acids 

20 Res. 20, 2835); #H1 and H2 represent intermolecular helix formation 
between the ribozyme and the substrate. H3 and H4 represent 
intramolecular helix formation within the ribozyme (intermolecular helix in 
the case of bimolecular ribozyme). Left panel (HP-K1) indicates 4 base- 
paired helix 2 and the right panel (HP-K2) indicates 6 base-paired helix 2. 

25 Arrow indicates the site of RNA cleavage. " All the ribozymes discussed 
herein were chemically synthesized by solid phase synthesis using RNA 
phosphoramadite chemistry, unless otherwise indicated. Those skilled in 
the art will . recognize that these ribozymes could also be made 
transcriptionally in vitro and in vivo, 

30 Figure 68 is a graph showing RNA cleavage by hairpin ribozymes 

targeted to site K. A plot of fraction of the target RNA uncleaved (fraction 
uncleaved) as a function of time is shown. HP-K2 (6 bp helix 2) cleaves a 
422 target RNA to a greater extent than the HP-K1 (4 bp helix 2). 
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To make internally-labeled substrate RNA for trans-ribozyme 
cleavage reactions, a 422 nt region (containing hairpin site A) was 
synthesized by PGR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 

5 standard transcription buffer in the presence of [a- 32 P]CTP (Chowrira & 
Burke, 1991 supra). The reaction mixture was treated with 15 units of 
ribonuclease-free DNasel, extracted with phenol followed 
ch!oroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 nl 

0 DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1jiM) and internally labeled 422 nt substrate 
RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM TrisHCI pH 7.5 and 10 mM MgCl2) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 

5 reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 pJ were taken at regular time intervals, 
quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 

.0 imaging of gels with a Phosphorlmager (Molecular Dynamics, Sunnyvale, 
CA). 

Figs. 69a-b is the Site L Hairpin Ribozyme (HP-L) showing proposed 
secondary structure of the hairpin ribozyme»substrate complex. The 
. ribozyme was assembled from two fragments as described above. The 
!5 nomenclature is the same as above. 

Figure 70 shows RNA cleavage by hairpin ribozymes targeted to site 
L A. plot of fraction of the target RNA uncleaved (fraction uncleaved) as a 
function of time is shown. HP-L2 (6 bp helix 2) cleaves a 2 KB target RNA 
to a greater extent than the HP-L1 (4 bp helix 2). To make internally- 
JO labeled substrate RNA for frans-ribozyme cleavage reactions, a 2 kB region 
(containing hairpin site L) was synthesized by PCR using primers that place 
the T7 RNA promoter upstream of the amplified sequence. The cleavage 
reactions were carried out as described above. 
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Figs. 71a-b shows a Site M Hairpin Ribozyme (HP-M) with the 
proposed secondary structure of the hairpin ribozyme«substrate complex. 
The ribozyme was assembled from two fragments as described above. 

Figure 72 is a graph showing RNA cleavage by hairpin ribozymes 
5 targeted to site M. The ribozymes were tested at both 20°C and at 26°C. 
To make internally-labeled substrate RNA for trans-ribozyme cleavage 
reactions, a 1.9 KB region (containing hairpin site M) was synthesized by 
PCR using primers that place the T7 RNA promoter upstream of the 
amplified sequence. Cleavage reactions were carried out as described 
1 0 above except that 20°C and at 26°C temperatures were used. 

Figs. 73a-d shows various structural modifications of the present 
invention. A) Hairpin ribozyme lacking helix 5. Nomenclature is same as 
described under figure 3. B) Hairpin ribozyme lacking helix 4 and helix 5. 
Helix 4 is replaced by a nucleotide loop wherein q is £ 2 bases. 

15 Nomenclature is same as described under figure 3. C) Hairpin ribozyme 
lacking helix 5. Helix 4 loop is replaced by a linker 103*L", wherein L is a 
non-nucleotide linker molecule (Benseler et a/., 1993 J. Am. Chem. Soc. 
115, 8483; Jennings et a/., WO 94/13688). Nomenclature is same as 
described under figure 3. D) Hairpin ribozyme lacking helix 4 and helix 5. 

20 Helix 4 is replaced by non-nucleotide linker molecule "L" (Benseler et a/., 
1993 supra; Jennings et a/., supra). Nomenclature is same as described 
under figure 3. 

Figs. 74a-b shows Hairpin ribozymes containing nucleotide spacer 
region "s" at the indicated location, wherein s is > 1 base. Hairpin 
25 ribozymes containing spacer region, can be synthesized as one fragment 
or can be assembled from multiple fragments. Nomenclature is same as 
described under figure 3. 

Figs. 75a-e shows the structures of the 5'-C-alkyl-modified 
nucleotides. R} is as defined above. R is OH, H, O-protecting group, NH f or 
30 any group described by the publications discussed above, and those 
described below. B is as defined in the Figure or any other equivalent 
nucleotide base. CE is cyanoethyl, DMT is a standard blocking group. 
Other abbreviations are standard in the art. 
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Figure 76 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-D-allose nucleosides and their phosphoramidites. 

Figure 77 is a diagrammatic representation of the synthesis of 5'-C- 
alkyl-L-talose nucleosides and their phosphoramidites. 

5 Figure 78 is a diagrammatic representation of hammerhead 

ribozymes targeted to site O containing S'-C-methyl-L-talo modifications at 
various positions- 
Figure 79 shows RNA cleavage activity of HH-O ribozymes. Fraction 
of target RNA uncleaved as a function of time Is shown! 

10 Figure 80 is a diagrammatic representation of a position numbered 

hammerhead ribozyme (according to Hertel et af. Nucleic Acids Res. 1992, 
20, 3252) showing specific substitutions. 

Figs. 81a-j shows the structures of various 2*-alkyl modified 
nucleotides which exemplify those of this invention. R groups are alkyl 
15 groups, 2 is a protecting group. 

Figure 82 is a diagrammatic representation of the synthesis of 2*-C- 
allyl uridine and cytidine. 

Figure 83 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene uridine. 

20 Figure 84 is a diagrammatic representation of the synthesis of 2'-C- 

methylene and 2'-C-difluoromethylene cytidine. 

Figure 85 is a diagrammatic representation of the synthesis of 2'-C- 
methylene and 2'-C-difluoromethylene adenosine. 

Figure 86 is a diagrammatic representation of the synthesis of 2*-0 
25 carboxymethylidine uridine, 2 , -C-methoxycarboxymethylidine uridine and 
derivatized amidites thereof. X is CH3 or alkyl as discussed above, or 
another substituent. 

Figure 87 is a diagrammatic representation of a synthesis of 
nucleoside S'-deoxy-S'-difiuoromethylphosphonates. 
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Figure 88 is a diagrammatic representation of the synthesis of 

nucleoside S'-deoxy-S'-difluoromethylphosphonate 3'-phosphoramidrtes, 
dimers and solid supported dimers. 

Figure 89 is a diagrammatic representation of the synthesis of 
5 nucleoside 5*-deoxy-5'-difluoromethylene triphosphates. 

Figures 90 and 91 are diagrammatic representations of the synthesis 
of 3'-deoxy-3'-difluoromethylphosphonates and dimers. 

Figure 92 is a schematic representation " of synthesizing RNA 
phosphoramidite of a nucleotide containing a 2*-hydroxy! group 
10 modification of the present invention. 

Figs. 93a-b describes a method for deprotection of oligonucleotides 
containing a 2'-hydroxyl group modification of the present invention. 

Figure 94 is a diagrammatic representation of a hammerhead 
ribozyme targeted to site N. Positions of 2'-hydroxyl group substitution is 
15 indicated. 

Figure 95 shows RNA cleavage activity of ribozymes containing a 2'- 
hydroxyl group modification of the present invention. All RNA, represents 
hammerhead ribozyme (HHN) with no 2'-hydroxyl group modifications. U7- 
ala, represents HHN ribozyme containing 2'-NH-alanine modification at the 
20 U7 position. U4/U7-ala, represents HHA containing 2'-NH-alanine 
modifications at U4 and U7 positions. U4 lys, represents HHA containing 
2'-NH-!ysine modification at U4 position. U7 lys, represents HHA containing 
2'-NH-lysine modification at U7 position. U4/U7-lys, represents HHN 
containing 2'-NH-lysine modification at U4 and U7 positions. 

25 Figures 96 and 97 are schematic representations of synthesizing 

(solid-phase synthesis) 3' ends of RNA with modification of the present 
invention. B, refers to either a base, modified base or an H. 

Figure 98 and 99 are schematic representations of synthesizing 
(solid-phase synthesis) 5' ends of RNA with modification of the present 
30 invention. B, refers to either a base, modified base or an H. 

Figures 100 and 101 are general schematic representations of the 
invention. 
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Fig. 102a-d is a schematic representation of a method of the invention. 

Fig. 103 is a graph of the results of the experiment diagrammed in 
figure 104. 

Figure 104 is a diagrammatic representation of a fusion mRNA used 
5 in the experiment diagrammed in Fig. 102. 

Figure 105 is a diagrammatic representation of a method for selection 
of useful ribozymes of this invention. 

Figure 106 generally shows R-loop formation, and an R-loop 
complex. In addition, it indicates the location at which ligands can be 
10 provided to target the R-loop complex to cells using at least three different 
procedures, such as ligand receptor interaction, lipid or calcium phosphate 
mediated delivery, or electroporation. 

Figure 107 shows a method for use of self-processing ribozymes to 
generate therapeutic ribozymes of unit length. This method is essentially 
15 described by Draper et al., PCT WO 93/23509. 

Figure 108 shows a method of linking ligands like folate, 
carbohydrate or peptides to R-loop forming RNA. 

Ribozymes of this invention block to some extent ICAM-1, IL-5, rel A, 
TNF-a, p210 bcr " abl , or RSV genes expression and can be used to treat 
20 diseases or diagnose such diseases. Ribozymes will be delivered to cells 
in culture and to tissues in animal models. Ribozyme cleavage of ICAM-1, 
II-5, rel A, TNF-a ,p210 bcr - ab ' ? or RSV mRNA in these systems may prevent 
or alleviate disease symptoms or conditions. 

t. Target sites 

25 Targets for useful ribozymes can be determined as disclosed in 

Draper et al PCT WO93/23509, Sullivan et al., PCT WO94/02595 as well 
as by Draper et al., PCT/US94/13129 and hereby incorporated by 
reference herein in totality. Rather than repeat the guidance provided in 
those documents here, below are provided specific examples of such 

30 methods, not limiting to those in the art. Ribozymes to such targets are 
designed as described in those applications and synthesized to be tested 
in vitro and in vivo, as also described. Such ribozymes can also be 

SUBSTITUTE SHEET (RULE 26) 



NUC 37626 



WO 95/23225 



PCT/1B9S/001S6 



optimized and delivered as described therein. While specific examples to 
animal and human RNA are provided, those in the art will recognize that 
the equivalent human RNA targets described can be used as described 
below. Thus, the same target may be used, but binding arms suitable for 
5 targeting human RNA sequences are present in the ribozyme. Such 
targets may also be selected as described below. 

It must be established that the sites predicted by the computer-based 
RNA folding algorithm correspond to potential cleavage sites. 
Hammerhead or hairpin ribozymes are designed that could bind and are 

10 individually analyzed by computer folding (Jaeger et a!., 1989 Proc. NatL 
Acad. Sci., USA, 86 7706-7710) to assess whether the ribozyme 
sequences fold into the appropriate secondary structure. Those ribozymes 
with unfavorable intramolecular interactions between the binding arms and 
the catalytic core are eliminated from consideration. Varying binding arm 

15 lengths can be chosen to optimize activity. Generally, at least 5 bases on 
each arm are able to bind to, or otherwise interact with, the target RNA. 

mRNA is screened for accessible cleavage sites by the method 
described generally in Draper et al., PCT W093/23569 hereby 
incorporated by reference herein. Briefly, DNA oligonucleotides 

20 representing potential hammerhead or hairpin ribozyme cleavage sites are 
synthesized. A polymerase chain reaction is used to generate a substrate 
for T7 RNA polymerase transcription from cDNA clones. Labeled RNA 
transcripts are synthesized in vitro from DNA templates. The 
oligonucleotides and the labeled trascripts are annealed, RNaseH is 

25 added and the mixtures are incubated for the designated times at 37°C. 
Reactions are stopped and RNA separated on sequencing polyacrylamide 
gels. The percentage of the substrate cleaved is determined by 
autoradiographic quantitation using a phosphor imaging system. From 
these data, hammerhead or hairpin ribozynme sites are chosen as the 

30 most accessible. 

Ribozymes of the hammerhead or hairpin motif are designed to 
anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences desribed above. The 
ribozymes are chemically synthesized. The method of synthesis used 
35 follows the procedure for normal RNA synthesis as described in Usman et 
al., 1987 J. Am. Chem. Soc t 109, 7845 and in Scaringe et al., 1990 
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Nucleic Acids Res., 18, 5433 and made use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrity! at the 5'-end f 
phosphoramidites at the 3'-end. The average stepwise coupling yeilds are 
>98%. Inactive ribozymes are synthesized by substituting a U for G5 and a 
5 U for A14 (numbering from Hertel et al., 1992 Nucleic Acids Res., 20, 
3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

10 Uhlenbach, 1989, Methods Enzymol, 180, 51). AH ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
groups, for example, 2'-amino, 2'-C-al!yl, 2-flouro, 2'-0-methyt, 2'H (for a 
review see Usman and Cedergren, 1992 TIBS 17,34). Ribozymes are 
purified by gel electrophoresis using heneral methods or are purified by 

15 high pressure liquid chromatography and are resuspended in water. 

Example 1: ICAM-1 

Ribozymes that cleave ICAM-1 mRNA represent a novel therapeutic 
approach to inflammatory or autoimmune disorders. ICAM-1 function can 
be blocked therapeutically using monoclonal antibodies. Ribozymes have 
20 the advantage of being generally immunologically inert, whereas 
significant neutralizing anti-IgG responses can be observed with some 
monoclonal antibody treatments. 

The following is a brief description of the physiological role of ICAM-1 . 
The discussion is not meant to be complete and is provided only for 
25 understanding of the invention that follows. This summary is not an 
admission that any of the work described below is prior art to the claimed 
invention. 

Intercellular adhesion molecule-1 (ICAM-1) is a cell surface protein 
whose expression is induced by inflammatory mediators. ICAM-1 is 
30 required for adhesion of leukocytes to endothelial cells and for several 
immunological functions including antigen presentation, immunoglobulin 
production and cytotoxic cell activity. Blocking ICAM-1 function prevents 
immune cell recognition and activity during transplant rejection and in 
animal models of rheumatoid arthritis, asthma and reperfusion injury. 
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Cell-cell adhesion plays a pivotal role in inflammatory and immune 
responses (Springer et at., 1987 Ann. Rev. Immunol. 5, 223-252). Cell 
adhesion is required for leukocytes to bind to and migrate through vascular 
endothelial cells. In addition, cell-cell adhesion is required for antigen 
5 presentation to T cells, for B cell induction by T cells, as well as for the 
cytotoxicity activity of T cells, NK cells, monocytes or granulocytes. 
Intercellular adhesion molecule-1 (ICAM-1) is a~110 kilodalton member of 
the immunoglobulin superfamily that is involved in all of these cell-cell 
interactions (Simmons et al., 1988 Nature (London) 331 , 624-627). 

10 ICAM-1 is expressed on only a limited number of cells and at low 

levels in the absence of stimulation (Dustin et al., 1986 J. Immunol. 137, 
245-254). Upon treatment with a number of inflammatory mediators 
(lipopoiysaccharide, rinterferon, tumor necrosis factor-a, or interteukin-1), 
a variety of cell types (endothelial, epithelial, fibroblastic and hematopoietic 

1 5 cells) in a variety of tissues express high levels of ICAM-1 on their surface 
(Sringer ef. al. supra; Dustin et al, supra; and Rothlein et at., 1988 J. 
Immunol. 141, 1665-1669). Induction occurs via increased transcription of 
ICAM-1 mRNA (Simmons et al, supra). Elevated expression is detectable 
after 4 hours and peaks after 16-24 hours of induction. 

20 ICAM-1 induction is critical for a number of inflammatory and immune 

responses. In vitro, antibodies to ICAM-1 block adhesion of leukocytes to 
cytokine-activated endothelial cells (Boyd, 1988 Proc. Natl Acad. Scl USA 
85, 3095-3099; Dustin and Springer, 1988 J. Cell Biol 107, 321-331). 
Thus, ICAM-1 expression may be required for the extravasation of immune 

25 cells to sites of inflammation. Antibodies to ICAM-1 also block T cell killing, 
mixed lymphocyte reactions, and T cell-mediated B cell differentiation, 
suggesting that ICAM-1 is required for these cognate cell interactions 
(Boyd et al, supra). The importance of ICAM-1 in antigen presentation is 
underscored by the inability of ICAM-1 defective murine B cell mutants to 

30 stimulate antigen-dependent T cell proliferation (Dang et al., 1990 J. 
Immunol 144, 4082-4091). Conversely, murine L cells require transfection 
with human ICAM-1 in addition to HLA-DR in order to present antigen to 
human T cells (Altmann et al., 1989 Nature (London) 338, 512-514). In 
summary, evidence in vitro indicates that ICAM-1 is required for celi-ceil 

35 interactions critical to inflammatory responses, cellular immune responses, 
and humoral antibody responses. 
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By engineering ribozyme motifs we have designed several ribozymes 
directed against ICAM-1 mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance. These 
ribozymes cleave ICAM-1 target sequences in vitro. 

5 The sequence of human, rat and mouse ICAM-1 mRNA can be 

screened for accessible sites using a compter folding algorithm. Regions 
of the mRNA that did not form secondary folding structures and that contain 
potential hammerhead or hairpin ribozyme cleavage sites can be 
identified. These sites are shown in Tables 2, 3, and 6-9. (All sequences 
10 are 5' to 3' In the tables) While rat, mouse and human sequences can be 
screened and ribozymes thereafter designed, the human targeted 
sequences are of most utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 4 - 8 and 10. Those in the art will recognize that 
1 5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 The ribozymes will be tested for function in vivo by exogenous 

delivery to human umbilical vein endothelial cells (HUVEC). Ribozymes 
will be delivered by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA or RNA 
vectors described above. Cytokine-induced ICAM-1 expression will be 

25 monitored by ELISA, by indirect immuriofluoresence, and/or by FACS 
analysis. ICAM-1 mRNA levels will be assessed by Northern, by RNAse 
protection, by primer extension or by quantitative RT-PCR analysis. 
Ribozymes that block the induction of ICAM-1 protein and mRNA by more 
than 90% will be identified. 

30 As disclosed by Sullivan et al., PCT WO94/02595, incorporated by 

reference herein, ribozymes and/or genes encoding them will be locally 
delivered to transplant tissue ex vivo in animal models. Expression of the 
ribozyme will be monitored by its ability to block ex vivo induction of ICAM- 
1 mRNA and protein. The effect of the anti-ICAM-1 ribozymes on graft 

35 rejection will then be assessed. Similarly, ribozymes will be introduced 
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into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-ICAM-1 ribozyme or a gene 
5 construct that constitutlvely expresses the ribozyme may abrogate 
inflammatory and immune responses in these diseases. 

Uses 

ICAM-1 plays a central role in immune cell recognition and function. 
Ribozyme inhibition of ICAM-1 expression can reduce transplant rejection 

1 0 and alleviate symptoms in patients with rheumatoid arthritis, asthma or 
other acute and chronic inflammatory disorders. We have engineered 
several ribozymes that cleave ICAM-1 mRNA. Ribozymes that efficiently 
inhibit ICAM : 1 expression in cells can be readily found and their activity 
measured with regard to their ability to block transplant rejection and 

15 arthritis symptoms in animal models. These anti-ICAM-1 ribozymes 
represent a novel therapeutic for the treatment of immunological or 
inflammatory disorders. 

The therapeutic utility of reduction of activity of ICAM-1 function is 
evident in the following disease targets. The noted references indicate the 

20 role of ICAM-1 and the therapeutic potential of ribozymes described herein. 
Thus, these targets can be therapeutically treated with agents that reduce 
ICAM-1 expression or function. These diseases and the studies that 
support a critical role for ICAM-1 in their pathology are listed below. This 
list is not meant to be complete and those in the art will recognize further 

25 conditions and diseases that can be effectively treated using ribozymes of 
the present invention. 

• Transplant rejection 

ICAM-1 is expressed on venules and capillaries of human cardiac biopsies 
with histological evidence of graft rejection (Briscoe et al. f 1991 Transplantation 
30 51,537-539). 

Antibody to ICAM-1 blocks renal (Cosimi et al., 1990J. Immunol 144, 4604- 
4612) and cardiac (Flavin et al., 1991 Transplant P roc. 23 , 533-534) graft 
rejection in primates. 
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A Phase I clinical trial of a monoclonal anti-ICAM-1 antibody showed significant 
reduction in rejection and a significant increase in graft function in human 
kidney transplant patients (Haug, et al., \§2ZTransplantation 55, 766-72). 

• Rheumatoid arthritis 

5 ICAM-1 overexpression is seen on synovial fibroblasts, endothelial cells, 
macrophages, and some lymphocytes (Chin et al., 1990 Arthritis Rheum 33, 
1776-86; Koch et al., 1991 Lab Invest 64, 313-20). 

Soluble ICAM-1 levels correlate with disease severity (Mason et al., 1993 
Arthritis Rheum 36, 519-27). 

10 Anti-ICAM antibody inhibits collagen-induced arthritis in mice (Kakimoto et al., 
1 992 Ceil Immunol 1 42, 326-37). 

Anti-ICAM antibody inhibits adjuvant-induced arthritis in rats (ligo et al., 1991 J 
Immunol 147, 4167-71). 

• Myocardial ischemia, stroke, and reperfusion injury 

15 Anti-ICAM-1 antibody blocks adherence of neutrophils to anoxic endothelial 
cells (Yoshida et ah, 1992 Am J Physiol 262, H1891-8). 

Anti-ICAM-1 antibody reduces neurological damage in a rabbit model of 
cerebral stroke (Bowes et al., 1993 Exp Neurol 119, 215-9). 

Anti-ICAM-1 antibody protects against reperfusion injury in a cat model of 
20 myocardial ischemia (Ma et al., W92Circulation 86, 937-46). 

• Asthma 

Antibody to ICAM-1 partially blocks eosinophil adhesion to endothelial cells 
and is overexpressed on inflamed airway endothelium and epithelium in vivo 
(Wegner et al., 1990 Sc/e/7ce247, 456-9). 

25 In a primate model of asthma, anti-ICAM-1 antibody blocks airway eosinophilia 
(Wegneret al., supra) and prevents the resurgence of airway inflammation and 
hyper-responsiveness after dexamethosone treatment (Gundel et al., 1992 Clin 
Exp Allergy 22, 569-75). 

• Psoriasis 
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Surface ICAM-1 and a clipped, soluble version of ICAM-1 is expressed in 
psoriatic lesions and expression correlates with inflammation (Kellner et al. f 
1991 Br J Dermatol 125, 211-6; Griffiths 1989 J Am Acad Dermatol 20, 617-29; 
Schopf et a!., 1 993 Br J Dermatol 128, 34-7). 

5 Anti-ICAM antibody blocks keratinocyte antigen presentation to T cells 
(Nickoloff et al.. 1993J Immunol 150, 2148-59 ). 

• Kawasaki disease 

Surface ICAM-1 expression correlates with the disease and is reduced by 
effective immunoglobulin treatment (Leung, et al., 1989Lancef 2, 1298-302). 

10 Soluble ICAM levels are elevated in Kawasaki disease patients; particularly 
high levels are observed in patients with coronary artery lesions (Furukawa et 
al, \§§2Arthriti$ Rheum 35, 672-7; Tsuji, 1992 ArerugiW, 1507-14). 

Circulating LFA-1+ T cells are depleted (presumably due to ICAM-1 mediated 
extravasation) in Kawasaki disease patients (Furukawa et al., 1993Scand J 
1 5 Immunol 37, 377-80). 

Example 2: IL-5 

Ribozymes that cleave IL-5 mRNA represent a novel therapeutic 
approach to inflammatory disorders like asthma. The invention features 
use of ribozymes to treat chronic asthma, e.g.. by inhibiting the synthesis 
20 of IL-5 in lymphocytes and preventing the recruitment and activation of 
eosinophils. 

A number of cytokines besides IL-5 may also be involved in the 
activation of inflammation in asthmatic patients, including platelet activating 
factor, IL-1, IL-3, IL-4, GM-CSF, TNF-a, gamma interferon, VCAM, ILAM-1, 

25 ELAM-1 and NF-kB. In addition to these molecules, it is appreciated that 
any cellular receptors which mediate the activities of the cytokines are also 
good targets for intervention in inflammatory diseases. These targets 
include, but are not limited to, the IL-1 R and TNF-aR on keratinocytes, 
epithelial and endothelial cells in airways. Recent data suggest that certain 

30 neuropeptides may play a role in asthmatic symptoms. These peptides 
include substance P, neurokinin A and calcitonin-gene-related peptides. 
These target genes may have more general roles in inflammatory 
diseases, but are currently assumed to have a role only in asthma. 
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Ribozymes of this invention block to some extent IL-5 expression and 
can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
asthma (Clutterbuck et a!., 1989 supra; Garssen et ah, 1991 Am. Rev. 
5 Respir. Pis. 144, 931-938; Larsen et al„ 1992 J. Clin. Invest. 89, 747-752; 
Mauser et a!., 1993 supra) . Ribozyme cleavage of IL-5 mRNA in these 
systems may prevent inflammatory cell function and alleviate disease 
symptoms. 

The sequence of human and mouse IL-5 mRNA were screened for 
10 accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 11, 13, and 14, 15. (All sequences are 5* to 3' in 
the tables.) While mouse and human sequences can be screened and 
ribozymes thereafter designed, the human targeted sequences are of most 
1 5 utility. However, mouse targeted ribozymes are useful to test efficacy of 
action of the ribozyme prior to testing in humans. The nucleotide base 
position is noted in the Tables as that site to be cleaved by the designated 
type of ribozyme. (In Table 12, lower case letters indicate positions that are 
not conserved between the Human and the Mouse IL-5 sequences.) 

20 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 12, 14 - 16. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem loop II sequence of 

25 hammerhead ribozymes listed in Tables 12 and 14 (S'-GGCCGAAAGGCC- 
3') can be altered (substitution, deletion and/or insertion) to contain any 
sequence provided, a minimum of two base-paired stem structure can form. 
Similarly, stem-loop IV sequence of hairpin ribozymes listed in Tables 15 
and 16 (5 , -CACGUUGUG-3 , ) can be altered (substitution, deletion and/or 

30 insertion) to contain any sequence provided, a minimum of two base- 
paired stem structure can form. The sequences listed in Tables 12, 14 - 16 
may be formed of ribonucleotides or other nucleotides or non-nucleotides. 
Such ribozymes are equivalent to the ribozymes described specifically in 
the Tables. 

35 By engineering ribozyme motifs we have designed several ribozymes 

directed against IL-5 mRNA sequences. These ribozymes are synthesized 
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with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave IL-5 target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing IL-5 
expression levels. Ribozymes will be delivered to cells by incorporation 

5 into liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA or RNA vectors. IL-5 expression will be monitored 
by biological assays, ELISA, by indirect immunofluoresence, and/or by 
FACS analysis. IL-5 mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 

1 0 Ribozymes that block the induction of IL-5 activity and/or IL-5 mRNA by 
more than 90% will be identified. 

Uses 

Interleukin 5 (IL-5), a cytokine produced by CD4+ T helper cells and 
mast cells, was originally termed B cell growth factor II (reviewed by 

15 Takatsu et al., 1988 Immunol. Rev. 102, 107). It stimulates proliferation of 
activated B cells and induces production of IgM and IgA. IL-5 plays a major 
role in eosinophil function by promoting differentiation (Clutterbuck et al., 
1989 . Blood 73, 1504-12), vascular adhesion (Walsh et al., 1990 
Immunology 71, 258-65) and in vitro survival of eosinophils (Lopez et al., 

20 1988 J. Exp. Med. 167. 219-24). This cytokine also enhances histamine 
release from basophils (Hirai et al., 1990 J. Exp. Med. 172, 1525-8). The 
following summaries of clinical results support the selection of IL-5 as a 
primary target for the treatment of asthma: 

Several studies have shown a direct correlation between the number 
25 of activated T cells and the number of eosinophils from asthmatic patients 
vs. normal patients (Oehling et al., 1992 J. Investig. Allergol. Clin. Immunol. 
. 2, 295-9). Patients with either allergic asthma or intrinsic asthma were 
treated with corticosteroids. The bronchoalveolar lavage was monitored for 
eosinophils, activated T helper cells and recovery of pulmonary function 
30 over a 28 to 30 day period. The number of eosinophils and activated T 
helper cells decreased progressively with subsequent improvement in 
pulmonary function compared to intrinsic asthma patients with no 
corticosteroid treatment. 

Bronchoalveolar lavage cells were screened for production of 
35 cytokines using in situ hybridization for mRNA. in situ hybridization signals 
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were detected for IL-2, IL-3, IL-4, IL-5 and GM-CSF. Upregulation of mRNA 
was observed for IL-4, IL-5 and GM-CSF (Robinson et al M 1993 J. Allergy 
Clin. Immunol , 92, 313-24). Another study showed that upregulation of IL-5 
transcripts from allergen challenged vs. saline challenged asthmatic 
5 patients (Krishnaswamy et al., 1993 Am, J. Respir. Cell. Mot. Biol. 9, 279- 
86). 

An 18 patient study was performed to determine a mechanism of 
action for corticosteroid improvement of asthma symptoms. Improvement 
was monitored by methacholine responsiveness. A correlation was 
10 observed between the methacholine responsiveness, a reduction in the 
number of eosinophils, a reduction in the number of cells expressing IL-4 
and IL-5 mRNA and an increase in number of cells expressing interferon- 
gamma. 

Bronchial biopsies from 15 patients were analyzed 24 hours after 
15 allergen challenge (Bentley et al. f 1993 Am. J. Respir. Cell. Mol. Biol. 8, 
35-42). Increased numbers of eosinophils and IL-2 receptor positive cells 
were found in the biopsies. No differences in the numbers of total 
leukocytes, T lymphocytes, elastase-positive neutrophils, macrophages or 
mast cell subtypes were observed. The number of cells expressing IL-5 
20 and GM-CSF mRNA significantly increased. 

In another patient study, the eosinophil phenotype was the same for 
asthmatic patients and normal individuals. However, eosinophils from 
asthmatic patients had greater leukotrlene C4 producing capacity and 
migration capacity. There were elevated levels of IL-3, IL-5 and GM-CSF in 
25 the circulation of asthmatics but not in normal individuals (Bruijnzee! et a!., 
1992 Schweiz. Med. Wochenschr. 122,298-301). 

Efficacy of antibody to IL-5 was assessed in a guinea pig asthma 
model. The animals were challenged with ovalbumin and assayed for 
eosinophilia and the responsiveness to the bronchioconstriction substance 

30 P. A 30 mg/kg dose of antibody administered i.p. blocked ovalbumin- 
induced increased sensitivity to substance P and blocked increases in 
bronchoalveolar and lung tissue accumulation of eosinophils (Mauser et 
al., 1993 Am. Rev. Respir. Pis. 148, 1623-7). In a separate study guinea 
pigs challenged for eight days with ovalbumin were treated with 

35 monoclonal antibody to IL-5. Treatment produced a reduction in the 
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number of eosinophils in bronchoalveolar lavage. No reduction was 
observed for unchallenged guinea pigs and guinea pigs treated with a 
control antibody. Antibody treatment completely inhibited the development 
of hyperreactivity to histamine and arecoline after ovalbumin challenge 
5 (van Oosterhout et aL, 1993 Am. Rev. Respir. Pis, 147, 548-52) 

Results obtained from human clinical analysis and animal studies 
indicate the role of activated T helper cells, cytokines and eosinophils in 
asthma. The role of IL-5 in eosinophil development and function makes IL- 
5 a good candidate for target selection. The antibody studies neutralized 
10 IL-5 in the circulation thus preventing eosinophilia. Inhibition of the 
production of IL-5 will achieve the same goal. 

Asthma - a prominent feature of asthma is the infiltration of 
eosinophils and deposition of toxic eosinophil proteins (e.g. major basic 
protein, eosinophil-derived neurotoxin) in the lung. A number of T-cell- 
1 5 derived factors like IL-5 are responsible for the activation and maintenance 
of eosinophils (Kay, 1991 J. Allergy Clin. Immun. 87, 893). Inhibition of IL-5 
expression in the lungs can decrease the activation of eosinophils and will 
help alleviate the symptoms of asthma. 

Atopy - is characterized by the developement of type I hypersensitive 
20 reactions associated with exposure to certain environmental antigens. One 
of the common clinical manifestations of atopy is eosinophilia 
(accumulation of abnormally high levels of eosinophils in the blood). 
Antibodies against IL-5 have been shown to lower the levels of eosinophils 
in mice (Cook et aL, 1993 in Immunophanmacol. Eosinophils ed. Smith and 
25 Cook, pp. 193-216, Academic, London, UK) 

Parasitic infection-related eosinophilia- infections with 
parasites like helminths, can lead to severe eosinophilia (Cook et aL, 1993 
supra ). Animal models for eosinophilia suggest that infection of mice, for 
example, can lead to blood, peritoneal and/or tissue eosinophilia, all of 
30 which seem to be lowered to varying degrees by antibodies directed 
against IL-5. 

Pulmonary infiltration eosinophilia- is characterised by 
accumulation of high levels of eosinophils in pulmonary parenchyma 
(Gleich, 1990 J. Allergy Clin. Immunol. 85, 422). 
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L-Tryptophan-associated eosinophilia-myalgia syndrome 
(EMS)- The EMS disease is closely linked to the consumption of L- 
tryptophan, an essential aminoacid used to treat conditions like insomnia 
(for review see Varga et al., 1993 J Invest. Dermatol. 100. 97s). Pathologic 
5 and histologic studies have demonstrated high levels of eosinophils and 
mononuclear inflammatory cells in patients with EMS. It appears that IL-5 
and transforming growth factor play a significant role in the development of 
EMS (Varga et al., 1993 supra) by activating eosinophils and other 
inflammatory cells. 

1 0 Thus, ribozymes of the present invention that cleave IL-5 mRNA and 

thereby IL-5 activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits IL-5 
function is described above; available cellular and activity assays are 

15 numerous, reproducible, and accurate. Animal models for IL-5 function 
and for each of the suggested disease targets exist (Cook et al., 1993 
supra) and can be used to optimize activity. 

Example 3: NF-kB 

Ribozymes that cleave rel A mRNA represent a novel therapeutic 
20 approach to inflammatory or autoimmune disorders, inflammatory 
mediators such as lipopolysaccharide (LPS), interleukin-1 (IL-1) or tumor 
necrosis factor-a (TNF-a) act on cells by inducing transcription of a number 
of secondary mediators, including other cytokines and adhesion 
molecules. In many cases, this gene activation is known to be mediated by 
25 the transcriptional regulator, NF-kB. One subunit of NF-kB, the re/A gene 
product (termed RelA or p65) Is implicated specifically in the induction of 
inflammatory responses. Ribozyme therapy, due to its exquisite specificity, 
is particularly well-suited to target intracellular factors that contribute to 
disease pathology. Thus, ribozymes that cleave mRNA encoded by rel A or 
30 TNF-a may represent novel therapeutics for the treatment of inflammatory 
and autoimmune disorders. 

The nuclear DNA-binding activity, NF-kB, was first identified as a 
factor that binds and activates the immunoglobulin k light chain enhancer 
in B cells. NF-kB now is known to activate transcription of a variety of other 
35 cellular genes {e.g., cytokines, adhesion proteins, oncogenes and viral 
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proteins) in response to a variety of stimuli (e.g., phorbol esters, mitogens, 
cytokines and oxidative stress). In addition, molecular and biochemical 
characterization of NF-kB has shown that the activity is due to a 
homodimer or heterodimer of a family of DNA binding subunits. Each 
5 subunit bears a stretch of 300 amino acids that is homologous to the 
oncogene, v-re/. The activity first described as NF-kB is a heterodimer of 
p49 or p50 with p65. The p49 and p50 subunits of NF-kB (encoded by the 
nf-KB2 or nMcB1 genes, respectively) are generated from the precursors 
NF-kB 1 (p105) or NF-KB2 (p100). The p65 subunit of NF-kB (now 
1 0 termed Rel A ) is encoded by the rel A locus. 

The roles of each specific transcription-activating complex now are 
being elucidated in cells (N.D. Perkins, et al., 1992 Proc. Natl Acad. Sci 
USA 89, 1529-1533). For instance, the heterodimer of NF-kB1 and Rel A 
(p50/p65) activates transcription of the promoter for the adhesion molecule, 

15 VCAM-1, while NF-KB2/RelA heterodimers (p49/p65) actually inhibit 
transcription (H.B. Shu, et al., Mol. Cell. Biol. 13, 6283-6289 (1993)). 
Conversely, heterodimers of NF-KB2/RelA (p49/p65) act with Tat-I to 
activate transcription of the HIV genome, while NF-KB1/RelA (p50/p65) 
heterodimers have little effect (J. Liu, N.D. Perkins, R.M. Schmid, G.J. 

20 Nabel, J. Virol. 1992 66, 3883-3887). Similarly, blocking rel A gene 
expression with antisense oligonucleotides specifically blocks embryonic 
stem cell adhesion; blocking NF-kB1 gene expression with antisense 
oligonucleotides had no effect on cellular adhesion (Narayanan et al., 
1993 Mol. Cell, Biol. 13, 3802-3810). Thus, the promiscuous role initially 

25 assigned to NF-kB in transcriptional activation (MJ. Lenardo, D. Baltimore, 
1989 Cell 58, 227-229) represents the sum of the activities of the re! family 
of ONA-binding proteins. This conclusion is supported by recent transgenic 
"knock-out" mice of individual members of the rel family. Such "knock- 
outs" show few developmental defects, suggesting that essential 

30 transcriptional activation functions can be performed by more than one 
member of the rel family. 

A number of specific inhibitors of NF-kB function in cells exist, 
including treatment with phosphorothioate antisense oliogonucleotide, 
treatment with double-stranded NF-kB binding sites, and over expression 
35 of the natural inhibitor MAD-3 (an IkB family member). These agents have 
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been used to show that NF-kB is required for induction of a number of 
molecules involved in inflammation, as described below. 

•NF-kB is required for phorbol ester-mediated induction of IL-6 (1. 
Kitajima, et al, Science 258, 1792-5 (1992)) and IL-8 (Kunsch and Rosen, 
5 1993 Mol. Cell. Biol . 13, 6137-46). 

•NF-kB is required for induction of the adhesion molecules ICAM-1 
(Eck, et al., 1993 Mol. Cell. Biol. 13, 6530-6536), VCAM-1 (Shu et al., 
supra), and E-selectin (Read, et al., 1994 J. Exp. Med. 179, 503-512) on 
endothelial cells. 

10 •NF-kB is involved in the induction of the integrin subunit, CD18, and 

other adhesive properties of leukocytes (Eck et al., 1993 supra). 

The above studies suggest that NF-kB is integrally involved in the 
induction of cytokines and adhesion molecules by inflammatory mediators. 
Two recent papers point to another connection between NF-kB and 

1 5 inflammation: glucocorticoids may exert their anti-inflammatory effects by 
inhibiting NF-kB. The glucocorticoid receptor and p65 both act at NF-kB 
binding sites in the ICAM-1 promoter (van de Stolpe, et al., 1994 J. Biol. 
Chem. 269, 6185-6192). Glucocorticoid receptor inhibits NF-KB-mediated 
induction of IL-6 (Ray and Prefontaine, 1994 Proc. Natl Acad. Sci USA 91, 

20 752-756). Conversely, overexpression of p65 inhibits glucocorticoid 
induction of the mouse mammary tumor virus promoter. Finally, protein 
cross-linking and co-immunoprecipitation experiments demonstrated direct 
physical interaction between p65 and the glucocorticoid receptor (Id). 

Ribozymes of this invention block to some extent NF-kB expression 
25 and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
of restenosis, transplant rejection and rheumatoid arthritis. Ribozyme 
cleavage of relA mRNA In these systems may prevent inflammatory cell 
function and alleviate disease symptoms. 

30 The sequence of human and mouse re/A mRNA can be screened for 

accessible sites using a computer folding algorithm. Potential 
hammerhead or hairpin ribozyme cleavage sites were identified. These 
sites are shown in Tables 17, 18 and 21-22. (All sequences are 5' to 3' in 
the tables.). While mouse and human sequences can be screened and 
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ribozymes thereafter designed, the human targetted sequences are of most 
utility. 

The sequences of the chemically synthesized ribozymes useful in this 
study are shown in Tables 19-22. Those in the art will recognize that 
5 these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity and may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

10 By engineering ribozyme motifs we have designed several ribozymes 

directed against re/ A mRNA sequences. These ribozymes are synthesized 
with modifications that improve their nuclease resistance. The ability of 
ribozymes to cleave re/A target sequences in vitro is evaluated. 

The ribozymes will be tested for function in vivo by analyzing cytokine- 
15 induced VCAM-1, ICAM-1, IL-6 and IL-8 expression levels. Ribozymes wilt 
be delivered to cells by incorporation into liposomes, by complexing with 
cationic lipids, by microinjection, or by expression from DNA and RNA 
vectors. Cytokine-induced VCAM-1, ICAM-1, IL-6 and IL-8 expression will 
be monitored by ELISA, by indirect immunofluoresence, and/or by FACS 
20 analysis. Rel A mRNA levels will be assessed by Northern analysis, 
RNAse protection or primer extension analysis or quantitative RT-PCR. 
Activity of NF-kB will be monitored by gel- retardation assays. Ribozymes 
that block the induction of NF-kB activity and/or rel A mRNA by more than 
50% will be identified. 

25 RNA ribozymes and/or genes encoding them will be locally delivered 

to transplant tissue ex vivo in animal models. Expression of the ribozyme 
will be monitored by its ability to block ex vivo induction of VCAM-1, ICAM- 
1, IL-6 and IL-8 mRNA and protein. The effect of the anti-re/ A ribozymes 
on graft rejection will then be assessed. Similarly, ribozymes will be 

30 introduced into joints of mice with collagen-induced arthritis or rabbits with 
Streptococcal cell wall-induced arthritis. Liposome delivery, cationic lipid 
delivery, or adeno-associated virus vector delivery can be used. One dose 
(or a few infrequent doses) of a stable anti-reM ribozyme or a gene 
construct that constitutively expresses the ribozyme may abrogate 

35 inflammatory and immune responses in these diseases. 
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Uses 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideaJ for the 
5 treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves rel A mRNA, 
uses are limited to local delivery, acute indications, or ex vivo treatment. 

1 0 •Rheumatoid arthritis (RA). 

Due to the chronic nature of RA, a gene therapy approach is logical. 
Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 

15 synovium: high efficiency of gene transfer and expression for several 
months would be expected (B.J. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L. Davidson, J. Clin, Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an . anti-inflammatory agent. Multiple 

20 administrations may be necessary. Retrovirus and adeno-associated virus 
vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Restenosis. 

25 Expression of NF-kB in the vessel wall of pigs causes a narrowing of 

the luminal space due to excessive deposition of extracellular matrix 
components. This phenotype is similar to matrix deposition that occurs 
subsequent to coronary angioplasty. In addition, NF-kB is required for the 
expression of the oncogene c-myb (FA La Rosa, J.W. Pierce, G.E. 

30 Soneneshein, Mol. Cell. Biol. 14, 1039-44 (1994)). Thus NF-kB induces 
smooth muscle proliferation and the expression of excess matrix 
components: both processes are thought to contribute to reocclusion of 
vessels after coronary angioplasty. 

•Transplantation. 
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NF-kB is required for the induction of adhesion molecules (Eck et al„ 
supra, K. O'Brien, et al. t J. Clin. Invest. 92, 945-951 (1993)) that function in 
immune recognition and inflammatory responses. At least two potential 
modes of treatment are possible. In the first, transplanted organs are 
5 treated ex vivo with ribozymes or ribozyme expression vectors. Transient 
inhibition of NF-kB in the transplanted endothelium may be sufficient to 
prevent transplant-associated vasculitis and may significantly modulate 
graft rejection. In the second, donor B cells are treated ex vivo with 
ribozymes or ribozyme expression vectors. Recipients would receive the 
1 0 treatment prior to transplant. Treatment of a recipient with B cells that do 
not express T cell co-stimulatory molecules (such as ICAM-1, VCAM-1, 
and/or B7 an B7-2) can induce antigen-specific anergy. Tolerance to the 
donor's histocompatibility antigens could result; potentially, any donor 
could be used for any transplantation procedure. 

1 5 *Asthma. 

Granulocyte macrophage colony stimulating factor (GM-CSF) is 
thought to play a major role in recruitment of eosinophils and other 
inflammatory cells during the late phase reaction to asthmatic trauma. 
Again, blocking the local induction of GM-CSF and other inflammatory 
20 mediators is likely to reduce the persistent inflammation observed in 
chronic asthmatics. Aerosol delivery of ribozymes or adenovirus ribozyme 
expression vectors is a feasible treatment. 

•Gene Therapy. 

Immune responses, limit the efficacy of many gene transfer 
25 techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
vectors in terminally differentiated ceils is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
30 adenovirus or retrovirus constructs will greatly enhance their potential. 

Thus, ribozymes of the present invention that cleave rel A mRNA and 
thereby NF-kB activity have many potential therapeutic uses, and there are 
reasonable modes of delivering the ribozymes in a number of the possible 
indications. Development of an effective ribozyme that inhibits NF-kB 
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function is described above; available cellular and activity assays are 
number, reproducible, and accurate. Animal models for NF-kB function 
(Kitajima, et al., supra) and for each of the suggested disease targets exist 
and can be used to optimize activity. 

5 Example 4: TNF-a 

Ribozymes that cleave the specific cites in TNF-a mRNA represent a 
novel therapeutic approach to inflammatory or autoimmune disorders. 

Tumor necrosis factor-a (TNF-a) is a protein, secreted by activated 
leukocytes, that is a potent mediator of inflammatory reactions. Injection of 
10 TNF-a into experimental animals can simulate the symptoms of systemic 
and local inflammatory diseases such as septic shock or rheumatoid 
arthritis. 

TNF-a was initially described as a factor secreted by activated 
macrophages which mediates the destruction of solid tumors in mice (Old, 

15 1985 Science 230, 4225-4231). TNF-a subsequently was found to be 
identical to cachectin, an agent responsible for the weight loss and wasting 
syndrome associated with tumors and chronic infections (Beutler, et al., 
1985 Nature 316, 552-554). The cDNA and the genomic locus for TNF-a 
have been cloned and found to be related to TNF-G (Shakhov et al., 1990 

20 J. Exp. Med. 171,35-47). Both TNF-a and TNF-B bind to the same 
receptors and have nearly identical biological activities. The two TNF 
receptors have been found on most cell types examined (Smith, et al., 
1990 Science 248, 1019-1023). TNF-a secretion has been detected from 
monocytes/macrophages, CD4+ and CD8+ T-cells, B-cells, lymphokine 

25 activated killer cells, neutrophils, astrocytes, endothelial cells, smooth 
muscle cells, as well as various non-hematopoietic tumor cell lines ( for a 
review see Turestskaya et al., 1991 in Tumor Necrosis Factor. Structure. 
Function, and Mechanism of Action B. B. Aggarwal, J. Vilcek, Eds. Marcel 
. Dekker, Inc., pp. 35-60). TNF-a is regulated transcriptionally and 

30 translationally, and requires proteolytic processing at the plasma 
membrane in order to be secreted (Kriegler et al., 1988 CeJI 53, 45-53). 
Once secreted, the serum half life of TNF-a is approximately 30 minutes. 
The tight regulation of TNF-a is important due to the extreme toxicity of this 
cytokine. Increasing evidence indicates that overproduction of TNF-a 
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Cerami, 1992 Am. J. Trop, Med. Hyq, 47, 2-7). 

Antisense RNA and Hammerhead ribozymes have been used in an 
attempt to lower the expression level of TNF-aby targeting specified 
5 cleavage sites [Sioud et al., 1992 J. Mol. Biol, 223; 831; Sioud WO 
94/10301; Kisich and co-workers, 1990 abstract (FASEB J. 4. A1860; 1991 
slide presentation ( J. Leukocyte Bio), sup. 2, 70); December, 1992 poster 
presentation at Anti-HIV Therapeutics Conference in SanDiego, CA; and 
"Development of anti-TNF-a ribozymes for the control of TNF-a gene 
10 expression"- Kisich, Doctoral Dissertation, 1993 University of California, 
Davis] listing various TNFa targeted ribozymes. 

Ribozymes of this invention block to some extent TNF-a expression 
and can be used to treat disease or diagnose such disease. Ribozymes 
will be delivered to cells in culture and to cells or tissues in animal models 
1 5 of septic shock and rheumatoid arthritis. Ribozyme cleavage of TNF-a 
mRNA in these systems may prevent inflammatory cell function and 
alleviate disease symptoms. 

The sequence of human and mouse TNF-a mRNA can be screened 
for accessible sites using a computer folding algorithm. Hammerhead or 

20 hairpin ribozyme cleavage sites were identified. These sites are shown in 
Tables 23, 25, and 27 - 28. (All sequences are 5' to 3* in the tables.) While 
mouse and human sequences can be screened and ribozymes thereafter 
designed, the human targeted sequences are of most utility. However, 
mouse targeted ribozymes are useful to test efficacy of action of the 

25 ribozyme prior to testing in humans. The nucleotide base position is noted 
in the Tables as that site to be cleaved by the designated type of ribozyme. 
(In Table 24, lower case letters indicate positions that are not conserved 
between the human and the mouse TNF-a sequences.) 

The sequences of the chemically synthesized ribozymes useful in this 
30 study are shown in Tables 24, 26 - 28. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 
hammerhead ribozymes listed in Tables 24 and 26 (5'-GGCCGAAAGGCC- 
35 3') can be altered (substitution, deletion, and/or insertion) to contain any 
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sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 27 and 28 (5'-CACGUUGUG-3') can be altered {substitution, 
deletion, and/or insertion) to contain any sequence, provided a minimum of 
5 two base-paired stem structure can form. The sequences listed in Tables 
24, 26 - 28 may be formed of ribonucleotides or other nucleotides or non- 
nucleotides. Such ribozymes are equivalent to the ribozymes described 
specifically in the Tables or AAV . 

In a preferred embodiment of the invention, a transcription unit 
10 expressing a ribozyme that cleaves TNF-a RNA is inserted into a plasmid 
DNA vector or an adenovirus DNA viral vector or AAV or alpha virus or 
retroviris vectors. Viral vectors have been used to transfer genes to the 
intact vasculature or to joints of live animals (Willard et a!., 1992 
Circulation. 86, I-473.; Nabel et al., 1990 Science . 249, 1285-1288) and 
15 both vectors lead to transient gene expression. The adenovirus vector is 
delivered as recombinant adenoviral particles. DNA may be delivered 
alone or complexed with vehicles (as described for RNA above). The DNA, 
DNA/vehicle complexes, or the recombinant adenovirus particles are 
locally administered to the site of treatment, e.g., through the use of an 
20 injection catheter, stent or infusion pump or are directly added to cells or 
tissues ex vivo. 

In another preferred embodiment of the invention, a transcription unit 
expressing a ribozyme that cleaves TNF-<* RNA is inserted into a retrovirus 
vector for sustained expression of ribozyme(s). 

25 By engineering ribozyme motifs we have designed several ribozymes 

directed against TNF-a mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave TNF-a target sequences in vitro is evaluated. 

The ribozymes will be tested for function in cells by analyzing 
30 bacterial lipopolysaccharide (LPS)-induced TNF-a expression levels. 
Ribozymes will be delivered to ceils by incorporation into liposomes, by 
complexing with cationic lipids, by microinjection, or by expression from 
DNA vectors. TNF-a expression will be monitored by ELISA, by indirect 
immunofluoresence, and/or by FACS analysis. TNF-a mRNA levels will be 
35 assessed by Northern analysis, RNAse protection, primer extension 
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analysis or quantitative RT-PCR. Ribozymes that block the induction of 
TNF-a activity and/or TNF-a mRNA by more than 90% will be identified. 

RNA ribozymes and/or genes encoding them will be locally delivered 
to macrophages by intraperitoneal injection. After a period of ribozyme 
5 uptake, the peritoneal macrophages are harvested and induced ex vivo 
with LPS. The ribozymes that significantly reduce TNF-a secretion are 
selected. The TNF-a can also be induced after ribozyme treatment with 
fixed Streptococcus in the peritoneal cavity instead of ex vivo. In this 
fashion the ability of TNF-a ribozymes to block TNF-a secretion in a 
10 localized inflammatory response are evaluated. In addition, we will 
detenmine if the ribozymes can block an ongoing inflammatory response by 
delivering the TNF-a ribozymes after induction by the injection of fixed 
Streptococcus. 

To examine the effect of anti-TNF-a ribozymes on systemic 
15 inflammation, the ribozymes are delivered by intravenous injection. The 
ability of the ribozymes to inhibit TNF-a secretion and lethal shock caused 
by systemic LPS administration are assessed. Similarly, TNF-a ribozymes 
can be introduced into the joints of mice with collagen-induced arthritis. 
Either free delivery, liposome delivery, cationic lipid delivery, adeno- 
20 associated virus vector delivery, adenovirus vector delivery, retrovirus 
vector delivery or plasmid vector delivery in these animal model 
experiments can be used to supply ribozymes. One dose (or a few 
infrequent doses) of a stable anti-TNF-a ribozyme or a gene construct that 
constitutively expresses the ribozyme may abrogate tissue damage in 
25 these inflammatory diseases. 

Macrophage isolation. 

To produce responsive macrophages 1 ml of sterile fluid thioglycollate 
broth (Difco, Detroit, ML) was injected i.p. into 6 week old female 
. C57bl/6NCR mice 3 days before peritoneal lavage. Mice were maintained 
30 as specific pathogen free in autoclaved cages in a laminar flow hood and 
given sterilized water to minimize "spontaneous" activation of 
macrophages. The resulting peritoneal exudate cells (PEC) were obtained 
by lavage using Hanks balanced salt solution (HBSS) and were plated at 
2.5X1 05/well in 96 well plates (Costar, Cambridge, MA.) with Eagles 
35 minimal essential medium (EMEM) containing 10% heat inactivated fetal 
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bovine serum. After adhering for 2 hours the wells were washed to remove 
non-adherent cells. The resulting cultures were 97% macrophages as 
determined by morphology and staining for non-specific esterase. 

Transfection of ribozymes into macrophages: 

5 The ribozymes were diluted to 2X final concentration, mixed with an 

equal volume of 11nM lipofectamine (Life Technologies, Gaithersburg, 
MD.), and vortexed. 100 ml of lipid:ribozyme complex was then added 
directly to the cells, followed immediately by 10 ml fetal bovine serum. 
Three hours after ribozyme addition 100 ml of 1 mg/ml bacterial 
10 lipopolysaccaride (LPS) was added to each well to stimulate TNF 
production. 

Quantitation of TNF-a in mouse macrophages', 

Supematants were sampled at 0, 2, 4, 8, and 24 hours post LPS 
stimulation and stored at -70°C« Quantitation of TNF-a was done by a 

15 specific ELISA. ELISA plates were coated with rabbit anti-mouse TNF-a 
serum at 1:1000 dilution (Genzyme) followed by blocking with milk proteins 
and incubation with TNF-a containing supematants. TNF-a was then 
detected using a murine TNF-a specific hamster monoclonal antibody 
(Genzyme). The ELISA was developed with goat anti-hamster IgG coupled 

20 to alkaline phosphatase. 

Assessment of reagent toxicity: 

Following ribozyme/lipid treatment of macrophages and harvesting of 
supematants viability of the cells was assessed by incubation of the cells 
with 5 mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
25 bromide (MTT). This compound is reduced by the mitochondrial 
dihydrogenases, the activity of which correlates well with cell viability. After 
12 hours the absorbance of reduced MTT is measured at 585 nm. 

Uses 

The association between TNF-a and bacterial sepsis, rheumatoid 
30 arthritis, and autoimmune disease make TNF-a an attractive target for 
therapeutic intervention [Tracy & Cerami 1992 supra: Williams et al., 1992 
Proc. Natl, Apqd. get. USA 89, 9784-9788; Jacob, 1992 J. Autoimmu n. 5 
(Supp. A), 133-143]. 
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Septic Shock 

Septic shock is a complication of major surgery, bacterial infection, 
and polytrauma characterized by high fever, increased cardiac output, 
reduced blood pressure and a neutrophilic Infiltrate into the lungs and 
5 other major organs. Current treatment options are limited to antibiotics to 
reduce the bacterial load and non-steroidal anti-inflammatories to reduce 
fever. Despite these treatments in the best intensive care settings, mortality 
from septic shock averages 50%, due primarily to multiple organ failure 
and disseminated vascular coagulation. Septic shock, with an incidence of 

1 0 200,000 cases per year in the United States, is the major cause of death in 
intensive care units. In septic shock syndrome, tissue injury or bacterial 
products initiate massive immune activation, resulting in the secretion of 
pro-inflammatory cytokines which are not normally detected in the serum, 
such as TNF-a, interieukin-16 (IL-113), ^interferon (IFN-y), interleukin-6 (IL- 

15 6), and interleukin-8 (IL-8). Other non-cytokine mediators such as 
leukotriene b4, prostaglandin E2, C3a and C3d also reach high levels (de 
Boer et al. ( 1992 I mmunopharmacoloay 24, 135-148), 

TNF-a is detected eariy in the course of septic shock in a large fraction 
of patients (de Boer et al., 1992 supra) . In animal models, injection of TNF- 

20 a has been shown to induce shock-like symptoms similar to those induced 
by LPS injection (Beutler et a!., 1985 Science 229, 869-871); in contrast, 
injection of IL-16, IL-6, or IL-8 does not induce shock. Injection of TNF-a 
also causes an elevation of IL-13, IL-6, IL-8, PgE2. acute phase proteins, 
and TxA2 in the serum of experimental animals (de Boer et al., 1992 

25 supra) . In animal models the lethal effects of LPS can be blocked by pre- 
administration of anti-TNF-a antibodies. The cumulative evidence indicates 
that TNF-a is a key player in the pathogenesis of septic shock, and 
therefore a good candidate for therapeutic intervention. 

Rheumatoid Arthritis 

30 Rheumatoid arthritis (RA) is an autoimmune disease characterized by 

chronic inflammation of the joints leading to bone destruction and loss of 
joint function. At the cellular level, autoreactive T- lymphocytes and 
monocytes are typically present, and the synoviocytes often have altered 
morphology and immunostaining patterns. RA joints have been shown to 

35 contain elevated levels of TNF-a, IL-1a and IL-1B, IL-6, GM-CSF, and TGF- 
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6 (Abney et at, 1991 1mm. Rev. 119, 105-123), some or all of which may 
contribute to the pathological course of the disease. 

Cells cultured from RA joints spontaneously secrete all of the pro- 
inflammatory cytokines detected in vivo. Addition of antisera against TNF-a 
5 to these cultures has been shown to reduce IL-1a/f3 production by these 
cells to undetectable levels (Abney et aJ., 1991 Supra ). Thus, TNF-a may 
directly induce the production of other cytokines in the RA joint. Addition of 
the anti-inflammatory cytokine, TGF-G, has no effect on cytokine secretion 
by RA cultures. Immunocytochemical studies of human RA surgical 
10 specimens clearly demonstrate the production of TNF-a, IL-1a/B, and IL-6 
from macrophages near the cartilage/pannus junction when the pannus in 
invading and overgrowing the cartilage (Chu et al., 1992 Br. J. 
Rheumatology 31, 653-661). GM-CSF was shown to be produced mainly 
by vascular endothelium in these samples. Both TNF-a and TGF-B have 
15 been shown to be fibroblast growth factors, and may contribute to the 
accumulation of scar tissue in the RA joint. TNF-a has also been shown to 
increase osteoclast activity and bone resorbtion, and may have a role in 
the bone erosion commonly found in the RA joint (Cooper et al., 1992 Clin. 
Exp. Immunol. 89, 244-250). 

Elimination of TNF-a from the rheumatic joint would be predicted to 
reduce overall inflammation by reducing induction of MHC class II, IL-1a/6, 
II-6, and GM-CSF, and reducing T-cell activation. Osteoclast activity might 
also fall, reducing the rate of bone erosion at the joint. Finally, elimination 
of TNF-a would be expected to reduce accumulation of scar tissue within 
the joint by removal of a fibroblast growth factor. 

Treatment with an anti-TNF-a antibody reduces joint swelling and the 
histological severity of collagen-induced arthritis in mice (Williams et al., 
1992 Proc Natl. Acad. Sci. USA 89, 9784-9788). In addition, a study of RA 
patients who have received i.v. infusions of anti-TNF-a monoclonal 
antibody reports a reduction in the number and severity of inflamed joints 
after treatment. The benefit of monoclonal antibody treatment in the long 
term may be limited by the expense and immunogenicity of the antibody. 

Psoriasis 

Psoriasis is an inflammatory disorder of the skin characterized by 
35 keratinocyte hyperproliferation and immune cell infiltrate (Kupper, 1990 J, 
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Clin, invest. 86, 1783-1789). It is a fairly common condition, affecting 1.5- 
2.0% of the population. The disorder ranges in severity from mild, with 
small flaky patches of skin, to severe, involving inflammation of the entire 
epidermis. The cellular infiltrate of psoriasis includes T-lymphocytes, 
5 neutrophils, macrophages, and dermal dendrocytes. The majority of T- 
lymphocytes are activated CD4+ cells of the T H -1 phenotype, although 
some CD8+ and CD47CD8" are also present. B lymphocytes are typically 
not found in abundance in psoriatic plaques. 

Numerous hypotheses have been offered as to the proximal cause of 
10 psoriasis including auto-antibodies and auto-reactive T-cells, 
overproduction of growth factors, and genetic predisposition. Although 
there Is evidence to support the involvement of each of these factors in 
psoriasis, they are neither mutually exclusive nor are any of them 
necessary and sufficient for the pathogenesis of psoriasis (Reeves, 1991 
15 Semin. Dermatol. 10. 217). 

The role of cytokines in the pathogenesis of psoriasis has been 
investigated. Among those cytokines found to be abnormally expressed 
were TGF-a , IL-1a, IL-1G, IL-1ra, IL-6, IL-8, IFN-% and TNF-a . In addition 
to abnormal cytokine production, elevated expression of ICAM-1, ELAM-1, 

20 and VCAM has been observed (Reeves, 1991 supra) . This cytokine profile 
is similar to that of normal wound healing, with the notable exception that 
cytokine levels subside upon healing. Keratinocytes themselves have 
recently been shown to be capable of secreting EGF, TGF-ct, IL-6, and 
TNF-a, which could increase proliferation in an autocrine fashion (Oxholm 

25 et al., 1991 APMIS 99. 58-64). 

Nickoloff et al., 1993 (J Dermatol Sci. 6, 127-33) have proposed the 
following model for the initiation and maintenance of the psoriatic plaque: 

Tissue damage induces the wound healing response in the skin. 
Keratinocytes secrete IL-1a, IL-1B, IL-6, IL-8, TNF-a. These factors 
30 activate the endothelium of dermal capillaries, recruiting PMNs, 
macrophages, and T-cells into the wound site. 

Dermal dendrocytes near the dermal/epidermal junction remain 
activated when they should return to a quiescent state, and subsequently 
secrete cytokines including TNF-a, IL-6, and IL-8. Cytokine expression, in 
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turn, maintains the activated state of the endothelium, allowing 
extravasation of additional immunocytes, and the activated state of the 
keratinocytes which secrete TGF-a and IL-8. Keratinocyte IL-8 recruits 
imijiunocytes from the dermis into the epidermis. During passage through 
5 the dermis, T-cells encounter the activated dermal dendrocytes which 
efficiently activate the T H -1 phenotype. The activated T-cells continue to 
migrate into the epidermis, where they are stimulated by keratinocyte- 
expressed ICAM-1 and MHC class II. IFN-y secreted by the T-cells 
synergi2es with the TNF-a from dermal dendrocytes to increase 
1 0 keratinocyte proliferation and the levels of TGF-a, IL-8, and IL-6 production. 
IFN-7 also feeds back to the dermal dendrocyte, maintaining the activated 
phenotype and the inflammatory cycle. 

Elevated serum titres of IL-6 increases synthesis of acute phase 
proteins including complement factors by the liver, and antibody production 
15 by plasma cells. Increased complement and antibody levels increases the 
probability of autoimmune reactions. 

Maintenance of the psoriatic plaque requires continued expression of 
all of these processes, but attractive points of therapeutic intervention are 
TNF-a expression by the dermal dendrocyte to maintain activated 
20 endothelium and keratinocytes, and IFN-y expression by T-cells to maintain 
activated dermal dendrocytes. 

There are 3 million patients in the United States afflicted with 
psoriasis. The available treatments for psoriasis are corticosteroids. The 
most widely prescribed are TEMOVATE (clobetasol propionate), LID EX 

25 (fluocinonide), DIPROLENE (betamethasone propionate), PSORCON 
(diflorasone diacetate) and TRIAMCINOLONE formulated for topical 
application. The mechanism of action of corticosteroids is multifactorial. 
This is a palliative therapy because the underlying cause of the disease 
remains, and upon discontinuation of the treatment the disease returns. 

30 Discontinuation of treatment is often prompted by the appearance of 
adverse effects such as atrophy, telangiectasias and purpura. 
Corticosteroids are not recommended for prolonged treatments or when 
treatment of large and/or inflamed areas is required. Alternative treatments 
include retinoids, such as etretinate, which has been approved for 

35 treatment of severe, refractory psoriasis. Alternative retinoid-based 
treatments are in advanced clinical trials. Retinoids act by converting 
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keratinocytes to a differentiated state and restoration of normal skin 
development. Immunosuppressive drugs such as cyclosporine are also in 
the advanced stages of clinical trials. Due to the nonspecific mechanism of 
action of corticosteroids, retinoids and immunosuppressives, these 
5 treatments exhibit severe side effects and should not be used for extended 
periods of time unless the condition is life-threatening or disabling. There 
is a need for a less toxic, effective therapeutic agent in psoriatic patients. 

HIV and AIPS 

The human immunodeficiency virus (HIV) causes several 
10 fundamental changes in the human immune system from the time of 
infection until the development of full-blown acquired immunodeficiency 
syndrome (AIDS). These changes include a shift In the ratio of CD4+ to 
CD8+ T-cells, sustained elevation of IL-4 levels, episodic elevation of TNF- 
a and TNF-G levels, hypergammaglobulinemia, and lymphoma/leukemia 
15 (Rosenberg & Fauci, 1990 Immun. Today 11, 176; Weiss 1993 Science 
260, 1273). Many patients experience a unique tumor, Kaposi's sarcoma 
and/or unusual opportunistic infections (e.g. Pneumocystis carinii, 
cytomegalovirus, herpesviruses, hepatitis viruses, papilloma viruses, and 
tuberculosis). The immunological dysfunction of individuals with AIDS 
20 suggests that some of the pathology may be due to cytokine dysregulation. 

Levels of serum TNF-a and IL-6 are often found to be elevated in 
AIDS patients (Weiss, 1993 supra) . In tissue culture, HIV infection of 
monocytes isolated from healthy individuals stimulates secretion of both 
TNF-a and IL-6. This response has been reproduced using purified gp120, 

25 the viral coat protein responsible for binding to CD-4 (Buonaguro et al., 
1992 J. Virol. 66, 7159). It has also been demonstrated that the viral gene 
regulator, Tat, can directly induce TNF transcription. The ability of HIV to 
directly stimulate secretion of TNF-a and IL-6 may be an adaptive 
mechanism of the virus. TNF-a has been shown to upregulate transcription 

3.0 of the LTR of HIV, increasing the number of HIV-specific transcripts in 
infected cells. IL-6 enhances HIV production, but at a posMranscriptional 
level, apparently increasing the efficiency with which HIV transcripts are 
translated into protein. Thus, stimulation of TNF-a secretion by the HIV 
virus may promote infection of neighboring CD4+ cells both by enhancing 

35 virus production from latently infected cells and by driving replication of the 
virus in newly infected cells. 
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The role of TNF-a in HIV replication has been well established in 
tissue culture models of infection (Sher et a!., 1992 Immun. Rev. 127, 183), 
suggesting that the mutual induction of HIV replication and TNF-a 
replication may create positive feedback in vivo. However, evidence for the 
5 presence of such positive feedback in infected patients is not abundant. 
TNF-a levels are found to be elevated in some, but not all patients tested. 
Children with AIDS who were given zidovudine had reduced levels of TNF- 
a compared to those not given zidovudine (Cremoni et al., 1993 AIDS 7, 
128). This correlation lends support to the hypothesis that reduced viral 
10 replication is physiologically linked to TNF-a levels. Furthermore, recently 
it has been shown that the polyclonal B cell activation associated with HIV 
infection is due to membrane-bound TNF-cu Thus, levels of secreted TNF-a 
may not accurately reflect the contribution of this cytokine to AIDS 
pathogenesis. 

Chronic elevation of TNF-a has been shown to shown to result in 
cachexia (Tracey et al., 1992 Am. J. Trop, Med, hfyg- 47, 2-7), increased 
autoimmune disease (Jacob, 1992 supra) , lethargy, and immune 
suppression in animal models (Aderka et al., 1992 Isr. J. Med. Sci 28, 126- 
130). The cachexia associated with AIDS may be associated with 
chronically elevated TNF-a frequently observed in AIDS patients. 
Similarly, TNF-a can stimulate the proliferation of spindle cells isolated 
from Kaposi's sarcoma lesions of AIDS patients (Barillari et aL, 1992 J 
Immunol 149, 3727). 

A therapeutic agent that inhibits cytokine gene expression, inhibits 
adhesion molecule expression, and mimics the anti-inflammatory effects of 
glucocorticoids (without inducing steroid-responsive genes) is ideal for the 
treatment of inflammatory and autoimmune disorders. Disease targets for 
such a drug are numerous. Target indications and the delivery options 
each entails are summarized below. In all cases, because of the potential 
immunosuppressive properties of a ribozyme that cleaves the specified 
sites in TNF-a mRNA, uses are limited to local delivery, acute indications, 
or ex vivo treatment. 

•Septic shock. 
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Exogenous delivery of ribozymes to macrophages can be achieved 
by intraperitoneal or intravenous injections. Ribozymes will be delivered 
by incorporation into liposomes or by complexing with cationic lipids. 

♦Rheumatoid arthritis (RA). 

5 Due to the chronic nature of RA, a gene therapy approach is logical. 

Delivery of a ribozyme to inflamed joints is mediated by adenovirus, 
retrovirus, or adeno-associated virus vectors. For instance, the appropriate 
adenovirus vector can be administered by direct injection into the 
synovium: high efficiency of gene transfer and expression for several 

10 months would be expected (B.J. Roessler, E.D. Allen, J.M. Wilson, J.W. 
Hartman, B. L. Davidson, J. Clin. Invest. 92, 1085-1092 (1993)). It is 
unlikely that the course of the disease could be reversed by the transient, 
local administration of an anti-inflammatory agent. Multiple 
administrations may be necessary. Retrovirus and adeno-associated virus 

1 5 vectors would lead to permanent gene transfer and expression in the joint. 
However, permanent expression of a potent anti-inflammatory agent may 
lead to local immune deficiency. 

•Psoriasis 

The psoriatic plaque is a particularly good candidate for ribozyme or 
20 vector delivery. The stratum comeum of the plaque is thinned, providing 
access to the proliferating keratinocytes. T-cells and dermal dendrocytes 
can be efficiently targeted by trans-epidermal diffusion . 

Organ culture systems for biopsy specimens of psoriatic and normal 
skin are described in current literature (Nickoloff et al., 1993 Supra) . 
25 Primary human keratinocytes are easily obtained and will be grown into 
epidermal sheets in tissue culture. In addition to these tissue culture 
models, the flaky skin mouse develops psoriatic skin in response to UV 
light. This model would allow demonstration of animal efficacy for 
ribozyme treatments of psoriasis. 

30 'Gene Therapy. 

Immune responses limit the efficacy of many gene transfer 
techniques. Cells transfected with retrovirus vectors have short lifetimes in 
immune competent individuals. The length of expression of adenovirus 
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vectors in terminally differentiated cells is longer in neonatal or immune- 
compromised animals. Insertion of a small ribozyme expression cassette 
that modulates inflammatory and immune responses into existing 
adenovirus or retrovirus constructs will greatly enhance their potential. 

5 Thus, ribozymes of the present invention that cleave TNF-a mRNA 

and thereby TNF-a activity have many potential therapeutic uses, and 
there are reasonable modes of delivering the ribozymes in a number of the 
possible indications. Development of an effective ribozyme that inhibits 
TNF-a function is described above; available cellular and activity assays 
1 0 are number, reproducible, and accurate. Animal models for TNF-a function 
and for each of the suggested disease targets exist and can be used to 
optimize activity. 

Example 5: D 21Q bcrgkl 

Chronic myelogenous leukemia exhibits a characteristic disease 
15 course, presenting initially as a chronic granulocytic hyperplasia, and 
invariably evolving into an acute leukemia which is caused by the clonal 
expansion of a cell with a less differentiated phenotype (i.e.. the blast crisis 
stage of the disease). CML is an unstable disease which ultimately 
progresses to a terminal stage which resembles acute leukemia. This 
20 lethal disease affects approximately 16,000 patients a year. 
Chemotherapeutic agents such as hydroxyurea or busulfan can reduce the 
leukemic burden but do not impact the life expectancy of the patient (e.g. 
approximately 4 years). Consequently, CML patients are candidates for 
bone marrow transplantation (BMT) therapy. However, for those patients 
25 which survive BMT, disease recurrence remains a major obstacle 
(Apperiey et a!., 1988 Br. J, H^matol. 69, 239). 

The Philadelphia (Ph) chromosome which results from the 
translocation of the abl oncogene from chromosome 9 to the bcr gene on 
chromosome 22 is found in greater than 95% of CML patients and in 10- 
■ 30 25% of all cases of acute lymphoblastic leukemia [(ALL); Fourth 
International Workshop on Chromosomes in Leukemia 1982, Cancer 
Genet. Cytogenet, 11, 316]. In virtually all Ph-positive CMLs and 
approximately 50% of the Ph-positive ALLs, the leukemic cells express ter- 
abl fusion mRNAs in which exon 2 (b2-a2 junction) or exon 3 (b3-a2 
35 junction) from the major breakpoint cluster region of the bcr gene is spliced 
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to exon 2 of the abl gene. Heisterkamp et al., 1985 Nature 315, 758; 
Shtivelman et al., 1987, Blood 69, 971). In the remaining cases of Ph- 
positive ALL, the first exon of the bcr gene is spliced to exon 2 of the abl 
gene (Hooberman et al., 1989 Proc. Nat. Acad. Sci. USA 86, 4259; 
5 Heisterkamp et al., 1988 Nucleic Acids Res. 16, 10069). 

The b3-a2 and b2-a2 fusion mRNAs encode 210 kd bcr-abl fusion 
proteins which exhibit oncogenic activity (Daley et al., 1990 Science 247, 
824; Heisterkamp et al., 1990 Nature 344, 251). The importance of the bcr- 
abl fusion protein (p210^ cr ' a ^ in the evolution and maintenance of the 
10 leukemic phenotype in human disease has been demonstrated using 
antisense oligonucleotide inhibition of p210^ cr " a ^' expression. These 
inhibitory molecules have been shown to inhibit the in vitro proliferation of 
leukemic cells in bone marrow from CML patients. Szczylik et a!., 1991 
Science 253, 562). 

15 Reddy, U.S. Patent 5,246,921 (hereby incorporated by reference 

herein) describes use of ribozymes as therapeutic agents for leukemias, 
such as chronic myelogenous leukemia (CML) by targeting the specific 
junction region of bcr-abl fusion transcripts. It indicates causing cleavage 
by a ribozyme at or near the breakpoint of such a hybrid chromosome, 

20 specifically it includes cleavage at the sequence GUX, where X is A, U or 
G. The one example presented is to cleave the sequence 5* AGC AG 
AGUU (cleavage site) CAA AAGCCCU-3'. 

Scanlon WO 91/18625, WO 91/18624, and WO 91/18913 and 
Snyder et al., WO93/03141 and W094/13793 describe a ribozyme effective 
25 to cleave oncogenic variants of H~ras RNA. This ribozyme is said to inhibit 
H-ras expression in response to external stimuli. 

The invention features use of ribozymes to inhibit the development or 
expression of a transformed phenotype in man and other animals by 
modulating expression of a gene that contributes to the expression of CML. 
30 Cleavage of targeted mRNAs expressed in pre-neoplastic and transformed 
cells elicits inhibition of the transformed state. 

The invention can be used to treat cancer or pre-neoplastic 
conditions. Two preferred administration protocols can be used, either in 
vivo administration to reduce the tumor burden, or ex vivo treatment to 
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eradicate transformed cells from tissues such as bone marrow prior to 
reimplantation. 

This invention features an enzymatic RNA molecule (or ribozyme) 
which cleaves mRNA associated with development or maintenance of 

5 CML The mRNA targets are present in the 425 nucleotides surrounding 
the fusion sites of the bcr and abl sequences in the b2-a2 and b3-a2 
recombinant mRNAs. Other sequences in the 5 1 portion of the bcr mRNA or 
the 3' portion of the ab/mRNA may also be targeted for ribozyme cleavage. 
Cleavage at any of these sites in the fusion mRNA molecules will result in 

1 0 inhibition of translation of the fusion protein in treated cells. 

The invention provides a class of chemical cleaving agents which 
exhibit a high degree of specificity for the mRNA causative of CML Such 
enzymatic RNA molecules can be delivered exogenously or endogenously 
to afflicted cells. In the preferred hammerhead motif the small size (less 
15 than 40 nucleotides, preferably between 32 and 36 nucleotides in length) 
of the molecule allows the cost of treatment to be reduced. 

The smallest ribozyme delivered for any type of treatment reported to 
date (by Rossi et al. . 1992 supra) is an in vitro transcript having a length of 
142 nucleotides. Synthesis of ribozymes greater than 100 nucleotides in 

20 length is very difficult using automated methods, and the therapeutic cost of 
such molecules is prohibitive. Delivery of ribozymes by expression vectors 
is primarily feasible using only ex vivo treatments. This limits the utility of 
this approach. In this invention, an alternative approach uses smaller 
ribozyme motifs and exogenous delivery. The simple structure of these 

25 molecules also increases the ability of the ribozyme to invade targeted 
regions of the mRNA structure. Thus, unlike the situation when the 
hammerhead structure is included within longer transcripts, there are no 
non-ribozyme flanking sequences to interfere with correct folding of the 
ribozyme structure, as well as complementary binding of the ribozyme to 

30 the mRNA target. 

The enzymatic RNA molecules of this invention can be used to treat 
human CML or precancerous conditions. Affected animals can be treated 
at the time of cancer detection or in a prophylactic manner. This timing of 
treatment will reduce the number of affected cells and disable cellular 
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replication. This is possible because the ribozymes are designed to 
disable those structures required for successful cellular proliferation. 

Ribozymes of this invention block to some extent p210b c^ ~ at, / 
expression and can be used to treat disease or diagnose such disease. 
5 Ribozymes will be delivered to cells in culture and to tissues in animal 
models of CML. Ribozyme cleavage of bcr/abl mRNA in these systems 
may prevent or alleviate disease symptoms or conditions. 

The sequence of human bcr/abl mRNA can be screened for 
accessible sites using a computer folding algorithm. Regions of the mRNA 
1 0 that did not form secondary folding structures and that contain potential 
hammerhead or hairpin ribozyme cleavage sites can be identified. These 
sites are shown in Table 29 (All sequences are 5' to 3* in the tables). The 
nucleotide base position is noted in the Tables as that site to be cleaved by 
the designated type of ribozyme. 

1 5 The sequences of the chemically synthesized ribozymes most useful 

in this study are shown in Table 30. Those in the art will recognize that 
these sequences are representative only of many more such sequences 
where the enzymatic portion of the ribozyme (all but the binding arms) is 
altered to affect activity. For example, stem-loop II sequence of 

20 hammerhead ribozymes listed in Table 30 (S'-GGCCGAAAGGCC-^) can 
be altered (substitution, deletion, and/or insertion) to contain any sequence 
provided, a minimum of two base-paired stem structure can form. The 
sequences listed in Tables 30 may be formed of ribonucleotides or other 
nucleotides or non-nucieotides. Such ribozymes are equivalent to the 

25 ribozymes described specifically in the Tables. 

By engineering ribozyme motifs we have designed several ribozymes 
directed against bcr-abl mRNA sequences. These have been synthesized 
with modifications that improve their nuclease resistance as described 
above. These ribozymes cleave bcr-abl target sequences in vitro. 

30 The ribozymes are tested for function in vivo by exogenous delivery to 

cells expressing bcr-abl. Ribozymes are delivered by incorporation into 
liposomes, by complexing with cationic lipids, by microinjection, or by 
expression from DNA vectors. Expression of bcr-abl is monitored by 
ELISA, by indirect immunofluoresence, and/or by FACS analysis. Levels of 
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bcr-abl mRNA are assessed by Northern analysis, RNase protection, by 
primer extension analysis or by quantitative RT-PCR techniques. 
Ribozymes that block the induction of p210^ cr " ab ') protein and mRNA by 
more than 20% are identified. 

5 Example 6: RSV 

This invention relates to the use of ribozymes as inhibitors of 
respiratory syncytial virus (RSV) production, and in particular, the inhibition 
of RSV replication. 

RSV is a member of the virus family paramyxoviridae and is classified 
10 under the genus Pneumovirus (for a review see Mcintosh and Chanock, 
1990 in Virology ed. B.N. Fields, pp. 1045, Raven Press Ltd. NY). The 
infectious virus particle is composed of a nucleocapsid enclosed within an 
envelope. The nucleocapsid is composed of a linear negative single- 
stranded non-segmented RNA associated with repeating subunits of 
1 5 capsid proteins to form a compact structure and thereby protect the RNA 
from nuclease degradation. The entire nucleocapsid is enclosed by the 
envelope. The size of the virus particle ranges from 150 -300 nm in 
diameter. The complete life cycle of RSV takes place in the cytoplasm of 
infected cells and the nucleocapsid never reaches the nuclear 
20 compartment (Hail, 1990 in Principles and Practice of Infectious Diseases 
ed. Mandell et al., Churchill Livingstone, NY). 

The RSV genome encodes ten viral proteins essential for viral 
production. RSV protein products include two structural glycoproteins (G 
and F) found in the envelope spikes, two matrix proteins [M and M2 (22K)] 

25 found in the inner membrane, three proteins localized in the nucleocapsid 
(N, P and L), one protein that is present on the surface of the infected cell 
(SH), and two nonstructural proteins [NS1 (1C) and NS2 (1B)] found only 
in the infected cell. The mRNAs for the 10 RSV proteins have similar 5' 
and 3' ends. UV-inactivation studies suggest that a single promoter is used 

30 with multiple transcription initiation sites (Barik et a/., 1992 J. Virol. 66, 
6813). The order of transcription corresponding to the protein assignment 
on the genomic RNA is 1C, 1B, N, P, M, SH, G, F, 22K and L genes (Huang 
et a/., 1985 Virus Res. 2, 157) and transcript abundance corresponds to 
the order of gene assignment (for example the 1C and 1B mRNAs are 

35 much more abundant than the L mRNA. Synthesis of viral message begins 
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immediately after RSV infection of cells and reaches a maximum at 14 
hours post-infection (Mcintosh and Chanock, supra). 

There are two antigenic subgroups of RSV, A and B, which can 
circulate simultaneously in the community in varying proportions in different 
5 years (Mcintosh and Chanock, supra). Subgroup A usually predominates. 
Within the two subgroups there are numerous strains. By the limited 
sequence analysis available it seems that homology at the nucleotide level 
is more complete within than between subgroups, although sequence 
divergence has been noted within subgroups as well. Antigenic 

10 determinates result primarily from both surface glycoproteins, F and G. For 
F, at least half of the neutralization epitopes have been stably maintained 
over a period of 30 years. For G however, A and B subgroups may be 
related antigenically by as little as a few percent. On the nucleotide level, 
however, the majority of the divergence in the coding region of G is found 

15 in the sequence for the extracellular domain (Johnson et a!., 1987, Proc. 
Natl. Acad Sci. USA 84, 5625). 

Respiratory Syncytial Virus (RSV) is the major cause of lower 
respiratory tract illness during infancy and childhood (Hall, supra) and as 
such is associated with an estimated 90,000 hospitalizations' and 4500 

20 deaths in the United States alone (Update: respiratory syncytial virus 
activity - United States, 1993, Mmwr Morb Mortal Wkly Rep, 42, 971). 
Infection with RSV generally outranks all other microbial agents leading to 
both pneumonia and bronchitis. While primarily affecting children under 
two years of age, immunity is not complete and reinfection of older children 

25 and adults, especially hospital care givers (Mcintosh and Chanock, supra) t 
is not uncommon. Immunocompromised patients are severely affected and 
RSV infection is a major complication for patients undergoing bone marrow 
transplantation . 

Uneventful RSV respiratory disease resembles a common cold and 
30 recovery is in 7 to 12 days. Initial symptoms (rhinorrhea, nasal congestion, 
slight fever, etc.) are followed in 1 to 3 days by lower respiratory tract signs 
of infection that include a cough and wheezing. In severe cases, these 
mild symptoms quickly progress to tachypnea, cyanosis, and listlessness 
and hospitalization is required. In infants with underlying cardiac or 
35 respiratory disease, the progression of symptoms is especially rapid and 
can lead to respiratory failure by the second or third day of illness. With 
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modem intensive care however, overall mortality is usually less than 5% of 
hospitalized patients (Mcintosh and Chanock, supra). 

At present, neither an efficient vaccine nor a specific antiviral agent is 
available. An immune response to the viral surface glycoproteins can 

5 provide resistance to RSV in a number of experimental animals, and a 
subunit vaccine has been shown to be effective for up to 6 months in 
children previously hospitalized with an RSV infection (Tristam et a/., 1993, 
J. Infect. Dis. 167, 191). An attenuated bovine RSV vaccine has also been 
shown to be effective in calves for a similar length of time (Kubota et a/. f 

10 1992 J. Vet. Med. Sci. 54, 957). Previously however, a formalin-inactivated 
RSV vaccine was implicated in greater frequency of severe disease in 
subsequent natural infections with RSV (Connors et a/., 1992 J. Virol. 66, 
7444). 

The current treatment for RSV infection requiring hospitalization is the 

15 use of aerosolized ribavirin, a guanosine analog [Antiviral Agents and Viral 
Diseases of Man, 3rd edition. 1990.. (eds. G.J. Galasso, R.J. Whitley, and 
T.C. Merigan) Raven Press Ltd., NY.). Ribavirin therapy is associated with 
a decrease in the severity of the symptoms, improved arterial oxygen and a 
decrease in the amount of viral shedding at the end of the treatment 

20 period. It is not certain, however, whether ribavirin therapy actually 
shortens the patients' hospital stay or diminishes the need for supportive 
therapies (Mcintosh and Chanock, supra). The benefits of ribavirin therapy 
are especially clear for high risk infants, those with the most serious 
symptoms or for patients with underlying bronchopulmonary or cardiac 

25 disease. Inhibition of the viral polymerase complex is supported as the 
main mechanism for inhibition of RSV by ribavirin, since viral but not 
cellular polypeptide synthesis is inhibited by ribavirin in RSV-infected cells 
(Antiviral Agents and Viral Diseases of Man, 3rd edition. 1990. (eds. G.J. 
Galasso, R.J. Whitley, and T.C. Merigan) Raven Press Ltd., NY). Since 

30 ribavirin is at least partially effective against RSV infection when delivered 
by aerosolization, it can be assumed that the target cells are at or near the 
epithelial surface. In this regard, RSV antigen had not spread any deeper 
than the superficial layers of the respiratory epithelium in autopsy studies of 
fatal pneumonia (Mcintosh and Chanock, supra). 

35 Jennings et a/., WO 94/13688 indicates that targets for specific types 

of ribozymes include respiratory syncytical virus. 
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The invention features novel enzymatic RNA molecules, or ribozymes, 
and methods for their use for inhibiting production of respiratory syncytial 
virus (RSV). Such ribozymes can be used in a method for treatment of 
diseases caused by these related viruses in man and other animals. The 
5 invention also features cleavage of the genomic RNA and mRNA of these 
viruses by use of ribozymes. In particular, the ribozyme molecules 
described are targeted to the NS1 (1C), NS2 (1B) and N viral genes. 
These genes are known in the art (for a review see Mcintosh and Chanock, 
1990 supra). 

1 0 Ribozymes that cleave the specified sites in RSV mRNAs represent a 

novel therapeutic approach to respiratory disorders. Applicant indicates 
that ribozymes are able to inhibit the activity of RSV and that the catalytic 
activity of the ribozymes is required for their inhibitory effect. Those of 
ordinary skill in the art, will find that it is clear from the examples described 

1 5 that other ribozymes that cleave these sites in RSV mRNAs encoding 1C, 
IB and N proteins may be readily designed and are within the invention. 
Also, those of ordinary skill in the art, will find that it is clear from the 
examples described that ribozymes cleaving other mRNAs encoded by 
RSV (P, M, SH, G, F, 22Kar\d L) and the genomic RNA may be readily 

20 designed and are within the invention. 

In preferred embodiments, the ribozymes have binding arms which 
are complementary to the sequences in Tables 31, 33, 35, 37 and 38. 
Examples of such ribozymes are shown in Tables 32, 34, 36-38. Examples 
of such ribozymes consist essentially of sequences defined in these 
25 Tables. By 'consists essentially of is meant that the active ribozyme 
contains an enzymatic center equivalent to those in the examples, and 
binding arms able to bind mRNA such that cleavage at the target site 
occurs. Other sequences may be present which do not interfere with such 
cleavage. 

30 Ribozymes of this invention block to some extent RSV production and 

can be used to treat disease or diagnose such disease. Ribozymes will be 
delivered to cells in culture and to cells or tissues in animal models of 
respiratory disorders. Ribozyme cleavage of RSV encoded mRNAs or the 
genomic RNA in these systems may alleviate disease symptoms. 
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While all ten RSV encoded proteins (1C f 1B, N, P, M, SH f 22K, F t G, 
and L) are essential for viral life cycle and are all potential targets for 
ribozyme cleavage, certain proteins (mRNAs) are more favorable for 
ribozyme targeting than the others. For example RSV encoded proteins 1C, 
5 1B, SH and 22K are not found in other members of the family 
paramyxoviridae and appear to be unique to RSV. In contrast the 
ectodomain of the G protein and the signal sequence of the F protein show 
significant sequence divergence at the nucleotide level among various 
RSV sub-groups (Johnson et ai, 1987 supra), RSV proteins 1C t 1B and N 
10 are highly conserved among various subtypes at both the nucleotide and 
amino acid levels. Also, 1C, 1B and N are the most abundant of all RSV 
proteins. 

The sequence of human RSV mRNAs encoding 1C, 1B and N 
proteins are screened for accessible sites using a computer folding 
15 algorithm. Hammerhead or hairpin ribozyme cleavage sites were 
identified. These sites are shown in Tables 31 , 33, 34, 37 and 38 (All 
sequences are 5' to 3' in the tables.) The nucleotide base position is 
noted in the Tables as that site to be cleaved by the designated type of 
ribozyme. 

20 Ribozymes of the hammerhead or hairpin motif are designed to 

anneal to various sites in the mRNA message. The binding arms are 
complementary to the target site sequences described above. The 
ribozymes are chemically synthesized. The method of synthesis used 
follows the procedure for normal RNA synthesis as described in Usman et 

25 al. t 1987 J. Am. Chem. Soc, 109, 7845^7854 and in Scaringe et ah, 1990 
Nucleic Acids Res., 18, 5433-5441 and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the S'-end, and 
phosphoramidites at the 3*-end. The average stepwise coupling yields 
were >98%. Inactive ribozymes were synthesized by substituting a U for 

30 G5 and a U for A14 (numbering from Hertel et al„ 1992 Nucleic Acids Res., 
20, 3252). Hairpin ribozymes are synthesized in two parts and annealed to 
reconstruct the active ribozyme (Chowrira and Burke, 1992 Nucleic Acids 
Res., 20, 2835-2840). Hairpin ribozymes are also synthesized from DNA 
templates using bacteriophage T7 RNA polymerase (Milligan and 

35 Uhlenbeck, 1989, Methods EnzymoL 180, 51). All ribozymes are modified 
extensively to enhance stability by modification with nuclease resistant 
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groups, for example, 2-amino, 2-C-allyl, 2*-flouro, 2'-o-methyl, 2*-H (for a 
review see Usman and Cedergren, 1992 TIBS 17, 34). Ribozymes are 
purified by gel electrophoresis using general methods or are purified by 
high pressure liquid chromatography and are resuspended in water. 

5 The sequences of the chemically synthesized ribozymes useful in this 

study are shown in Tables 32, 34, 36, 37 and 38. Those in the art will 
recognize that these sequences are representative only of many more such 
sequences where the enzymatic portion of the ribozyme (all but the binding 
arms) is altered to affect activity. For example, stem-loop II sequence of 

10 hammerhead ribozymes listed in Tables 32 and 34(5 , -GGCCGAAAGGCO 
3') can be altered (substitution, deletion, and/or insertion) to contain any 
sequences provided a minimum of two base-paired stem structure can 
form. Similarly, stem-loop IV sequence of hairpin ribozymes listed in 
Tables 37 and 38 (5-CACGUUGUG-3') can be altered (substitution, 

15 deletion, and/or insertion) to contain any sequence, provided a minimum of 
two base-paired stem structure can form. The sequences listed in Tables 
32, 34, 36, 37 and 38 may be formed of ribonucleotides or other 
nucleotides or non-nucleotides. Such ribozymes are equivalent to the 
ribozymes described specifically in the Tables. 

20 By engineering ribozyme motifs we have designed several ribozymes 

directed against RSV encoded mRNA sequences. These ribozymes are 
synthesized with modifications that improve their nuclease resistance. The 
ability of ribozymes to cleave target sequences in vitro is evaluated. 

Numerous, common ceil lines can be infected with RSV for 
25 experimental purposes. These include HeLa, Veto and several primary 
epithelial cell lines. A cotton rat animal model of experimental human RSV 
infection is also available, and the bovine RSV is quite homologous to the 
human viruses. Rapid clinical diagnosis is through the use of kits designed 
for the immunofluorescence staining of RSV-infected cells or an ELISA 
30 assay, both of which are adaptable for experimental study. RSV encoded 
mRNA levels will be assessed by Northern analysis, RNAse protection, 
primer extension analysis or quantitative RT-PCR. Ribozymes that block 
the induction of RSV activity and/or 1C, 1B and N protein encoding 
mRNAs by more than 90% will be identified. 
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Optimizing Ribozyme Activity 

Ribozyme activity can be optimized as described by Draper et al., PCT 
W093/23569. The details will not be repeated here, but include altering 
the length of the ribozyme binding arms or chemically synthesizing 
5 ribozymes with modifications that prevent their degradation by serum 
ribonucleases (see e.g., Eckstein et a/. ( International Publication No. 
WO 92/07065; Perrauit et a/., 1990 Nature 344, 565; Pieken et al., 1991 
Science 253, 314; Usman and Cedergren, 1992 Trends in Biochem. Set. 
17, 334; Usman et al., International Publication No. WO 93/15187; and 

10 Rossi et al., International Publication No. WO 91/03162, as well as 
Jennings et al. t WO 94/13688, which describe various chemical 
modifications that can be made to the sugar moieties of enzymatic RNA 
molecules. All these publications are hereby incorporated by reference 
herein.), modifications which enhance their efficacy in cells, and removal of 

15 stem tl bases to shorten RNA synthesis times and reduce chemical 
requirements. 

Sullivan, et al., PCT WO94/02595, incorporated by reference herein, 
describes the general methods for delivery of enzymatic RNA molecules . 
Ribozymes may be administered to cells by a variety of methods known to 

20 those familiar to the art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by incorporation into other vehicles, such 
as hydrogels. cyclodextrins, biodegradable nanocapsules, and 
bioadhesive microspheres. The RNA/vehicle combination is locally 
delivered by direct injection or by use of a catheter, infusion pump or stent. 

25 Alternative routes of delivery include, but are not limited to, intravenous 
injection, intramuscular injection, subcutaneous injection, aerosol 
inhalation, oral (tablet or pill form), topical, systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of ribozyme delivery 
and administration are provided in Sullivan, et a!., supra and Draper, et al., 

30 supra which have been incorporated by reference herein. 

Another means of accumulating high concentrations of a ribozyme(s) 
within cells is to incorporate the ribozyme-encoding sequences into a DNA 
expression vector. Transcription of the ribozyme sequences are driven 
from a promoter for eukaryotic RNA polymerase I (pol I), RNA polymerase II 
35 (pol II), or RNA polymerase III (po! III). Transcripts from pol II or pol 111 
promoters will be expressed at high levels in all cells; the levels of a given 
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pol It promoter in a given ceil type will depend on the nature of the gene 
regulatory sequences (enhancers, silencers, etc.) present nearby. 
Prokaryotic RNA polymerase promoters are also used, providing that the 
prokaryotic RNA polymerase enzyme is expressed in the appropriate cells 

5 (Elroy-Stein and Moss, 1990 Proc. Natl. Acad. Sci. USA. 87 T 6743-7; Gao 
and Huang 1993 Nucleic Acids Res .. 21, 2867-72; Lieber et al. a 1993 
Methods EnzvmoL 217,47-66; Zhou et al.. 1990 Mol. Cell. Biol.. 10. 4529- 
37). Several investigators have demonstrated that ribozymes expressed 
from such promoters can function in mammalian cells (e.g. Kashani-Sabet 

10 etal.,1992 Antisense Res, Dev. . 2,3-15; Ojwang et al.. 1992 Proc. Natl. 
Acad. ScL USA . 89, 10802-6; Chen et a!., 1992 Nucleic Acids Res.. 20, 
4581-9; Yu et al., 1993 Proc. Natl. Acad. Sci. USA. 90, 6340-4; L'Huillier 
et al., 1992 EMBO J. 11. 441 1-8; Lisziewicz et al., 1993 Proc. Natl. Acad. 
Sci. U. S. A. . 90, 8000-4). The above ribozyme transcription units can be 

1 5 incorporated into. a variety of vectors for introduction into mammalian cells, 
including but not restricted to, plasmid DNA vectors, viral DNA vectors 
(such as adenovirus or adeno-associated virus vectors), or viral RNA 
vectors (such as retroviral, or alpha virus vectors). 

In a preferred embodiment of the invention, a transcription unit 
20 expressing a ribozyme that cleaves target RNA is inserted into a plasmid 
DNA vector, a retrovirus DNA viral vector, an adenovirus DNA viral vector 
or an adeno-associated virus vector or alpha virus vector. These and other 
vectors have been used to transfer genes to live animals (for a review see 
Friedman, 1989 Science 244, 1275-1281; Roemer and Friedman, 1992 
25 Eur. J. Biochem. 208, 211-225) and leads to transient or stable gene 
expression. The vectors are delivered as recombinant viral particles. DNA 
may be delivered alone or complexed with vehicles (as described for RNA 
above). The DNA, DNA/vehicle complexes, or the recombinant virus 
.particles are locally administered to the site of treatment, e.g., through the 
30 use of a catheter, stent or infusion pump. 

Diagnostic uses 

Ribozymes of this invention may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells. The close 
relationship between ribozyme activity and the structure of the target RNA 
35 allows the detection of mutations in any region of the molecule which alters 
the base-pairing and three-dimensional structure of the target RNA. By 
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using multiple ribozymes described in this invention, one may map 
nucleotide changes which are important to RNA structure and function in 
vitro, as well as in cells and tissues. Cleavage of target RNAs with 
ribozymes may be used to inhibit gene expression and define the role 
5 (essentially) of specified gene products in the progression of disease. In 
this manner, other genetic targets may be defined as important mediators 
of the disease. These experiments will lead to better treatment of the 
disease progression by affording the possibility of combinational therapies 
(e.g. . multiple ribozymes targeted to different genes, ribozymes coupled 
10 with known small molecule inhibitors, or intermittent treatment with 
combinations of ribozymes and/or other chemical or biological molecules). 
Other in vitro uses of ribozymes of this invention are well known in the art, 
and include detection of the presence of mRNA associated with ICAM-1 , 
relA, TNF-a, p210, bcr-abl or rsv related condition. Such RNA is detected 
1 5 by determining the presence of a cleavage product after treatment with a 
ribozyme using standard methodology. 

tn a specific example, ribozymes which can cleave only wild-type or 
mutant forms of the target RNA are used for the assay. The first ribozyme is 
used to identify wild-type RNA present in the sample and the second 
ribozyme will be used to identify mutant RNA in the sample. As reaction 
controls, synthetic substrates of both wild-type and mutant RNA will be 
cleaved by both ribozymes to demonstrate the relative ribozyme 
efficiencies in the reactions and the absence of cleavage of the "non- 
targeted" RNA species. The cleavage products from the synthetic 
substrates will also serve to generate size markers for the analysis of wild- 
type and mutant RNAs in the sample population. Thus each analysis will 
require two ribozymes, two substrates and one unknown sample which will 
be combined into six reactions. The presence of cleavage products will be 
determined using an RNAse protection assay so that full-length and 
cleavage fragments of each RNA can be analyzed in one lane of a 
polyacrylamide gel. It is not absolutely required to quantify the results to 
gain insight into the expression of mutant RNAs and putative risk of the 
desired phenotypic changes in target cells. The expression of mRNA 
whose protein product is implicated in the development of the phenotype 
(i.e., ICAM-1, rel A, TNFo*. p 2lobcr-abl or rsV) is adequate to establish 
risk. If probes of comparable specific activity are used for both transcripts, 
then a qualitative comparison of RNA levels will be adequate and will 
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decrease the cost of the initial diagnosis. Higher mutant form to wild-type 
ratios will be correlated with higher risk whether RNA levels are compared 
qualitatively or quantitatively. 

11. Chemical Synthesis Of Ribozymes 

5 There follows the chemical synthesis, deprotection, and purification of 

RNA, enzymatic RNA or modified RNA molecules in greater than milligram 
quantities with high biological activity. Applicant has determined that the 
synthesis of enzymatically active RNA in high yield and quantity is 
dependent upon certain critical steps used during its preparation. 

10 Specifically, it is important that the RNA phosphoramidites are coupled 
efficiently in terms of both yield and time, that correct exocyclic amino 
protecting groups be used, that the appropriate conditions for the removal 
of the exocyclic amino protecting groups and the alkyisiiyl protecting 
groups on the 2'-hydroxy1 are used, and that the correct work-up and 

1 5 purification procedure of the resulting ribozyme be used. 

To obtain a correct synthesis in terms of yield and biological activity of 
a large RNA molecule (i.e., about 30 to 40 nucleotide bases), the protection 
of the amino functions of the bases requires either amide or substituted 
amide protecting groups, which must be, on the one hand, stable enough 

20 to survive the conditions of synthesis, and on the other hand, removable at 
the end of the synthesis. These requirements are met by the amide 
protecting groups shown in Figure 8, in particular, benzoyl for adenosine, 
isobutyryl or benzoyl for cytidine, and isobutyryl for guanosine, which may 
be removed at the end of the synthesis by incubating the RNA in NH^EtOH 

25 (ethanolic ammonia) for 20 h at 65 °C. in the case of the phenoxyacetyl 
type protecting groups shown in Figure 8 on guanosine and adenosine 
and acetyl protecting groups on cytidine, an incubation in ethanolic 
ammonia for 4 h at 65 C C is used to obtain complete removal of these 
protecting groups. Removal of the alkylsiiyl 2'-hydroxyl protecting groups 

30 can be accomplished using a tetrahydrofuran solution of TBAF at room 
temperature for 8-24 h. 

The most quantitative procedure for recovering the fully deprotected 
RNA molecule is by either ethanoi precipitation, or an anion exchange 
cartridge desalting, as described in Scaringe et al. Nucleic Acids Res. 
35 1990, 18, 5433-5341. The purification of the long RNA sequences may be 
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accomplished by a two-step chromatographic procedure in which the 
molecule is first purified on a reverse phase column with either the trityl 
group at the 5' position on or off. This purification is accomplished using an 
acetonitrile gradient with triethylammonium or bicarbonate salts as the 

5 aqueous phase. In the case of the trityl on purification, the trityl group may 
be removed by the addition of an acid and drying of the partially purified 
RNA molecule. The final purification is carried out on an anion exchange 
column, using alkali metal perchlorate salt gradients to elute the fully 
purified RNA molecule as the appropriate metal salts, e.g. Na + , Li + etc. A 

10 final de-salting step on a small reverse-phase cartridge completes the 
purification procedure. Applicant has found that such a procedure not only 
fails to adversely affect activity of a ribozyme, but may improve its activity to 
cleave target RNA molecules. 

Applicant has also determined that significant (see Tables 39-41) 
15 improvements in the yield of desired full length product (FLP) can be 
obtained by: 

1. Using 5-S-alkyltetrazole at a delivered or effective 
concentration of 0.25-0.5 M or 0.15-0.35 M for the activation of the RNA (or 
analogue) amidite during the coupling step. (By delivered is meant that the 

20 actual amount of chemical in the reaction mix is known. This is possible for 
large scale synthesis since the reaction vessel is of size sufficient to allow 
such manipulations. The term effective means that available amount of 
chemical actually provided to the reaction mixture that is able to react with 
the other reagents present in the mixture. Those skilled in the art will 

25 recognize the meaning of these terms from the examples provided herein.) 
The time for this step is shortened from 10-15 m, vide supra, to 5-10 m. 
Alky!, as used herein, refers to a saturated aliphatic hydrocarbon, including 
straight-chain, branched-chain, and cyclic alkyl groups. Preferably, the 
alkyl group has 1 to 12 carbons. More preferably it is a lower alkyl of from 1 

30 to 7 carbons, more preferably 1 to 4 carbons. The alkyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxy!, cyano, alkoxy, =0, =S, N0 2 or N(CH 3 ) 2 , amino, or SH. 
The term also includes alkenyi groups which are unsaturated hydrocarbon 
groups containing at least one carbon-carbon double bond, including 

35 straight-chain, branched-chain, and cyclic groups. Preferably, the alkenyi 
group has 1 to 12 carbons. More preferably it is a lower alkenyi of from 1 to 
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7 carbons, more preferably 1 to 4 carbons. The alkenyl group may be 
substituted or unsubstituted. When substituted the substituted group(s) is 
preferably, hydroxy!, cyano, alkoxy, =0, =S, NO2, halogen, N(CH3)2, 
amino, or SH. The term "alky!" also includes alkynyl groups which have an 

5 unsaturated hydrocarbon group containing at least one carbon-carbon 
triple bond, including straight-chain, branched-chain, and cyclic groups. 
Preferably, the alkynyl group has 1 to 12 carbons. More preferably it is a 
lower alkynyl of from 1 to 7 carbons, more preferably 1 to 4 carbons. The 
alkynyl group may be substituted or unsubstituted. When substituted the 

10 substituted group(s) is preferably, hydroxyl, cyano, alkoxy, =0, =S, NO2 or 
N(CH3)2, amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 
aromatic group which has at least one ring having a conjugated 71 electron 

15 system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkyfaryr group refers to an 
alkyl group (as described above) covalently joined to an aryl group (as 

20 described above. Carbocyclic aryl groups are groups wherein the ring 
atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryl groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 

25 and nitrogen, and include furanyl, thienyi, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An "amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester* refers to an -CtOJ-OR 1 , where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

30 2. Using 5-S-alkyttetrazole at an effective, or final, concentration 

of 0.1-0.35 M for the activation of the RNA (or analogue) amidite during the 
coupling step. The time for this step is shortened from 10-15 m, vide supra, 
to 5-10 m. 

3. Using alkylamine (MA, where alkyl is preferably methyl, ethyl, 
35 propyl or butyl) or NH 4 OH/alkylamine (AMA, with the same preferred alkyl 
groups as noted for MA) @ 65 °C for 10-15 m to remove the exocyclic 
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NH3/EtOH, vide supra). Other alkylamines, e.g. ethylamine, propylamine, 
butylamine etc. may also be used. 

4. Using anhydrous triemylamine»hydrogen fluoride (aHF»TEA) 
5 @ 65 °C for 0.5-1.5 h to remove the 2'-hydroxyl aikylsilyl protecting group 

(vs 8 - 24 h using TBAF, vide supra or TEA-3HF for 24 h (Gasparutto et ai 
Nucleic Acids Res. 1992, 20, 5159-5166). Other alkylamine-HF 
complexes may also be used, e.g. trimethylamine or diisopropylethyiamine. 

5. The use of anion-exchange resins to purify and/or analyze the 
10 fully deprotected RNA* These resins include, but are not limited to, 

quartenary or tertiary amino derivatized stationary phases such as silica or 
polystyrene. Specific examples include Dionex-NA100®, Mono-Q®, Poros- 
Q®. 

Thus, the invention features an improved method for the coupling of 
15 RNA phosphoramidites; for the removal of amide or substituted amide 
protecting groups; and for the removal of 2 , -hydroxyl aikylsilyl protecting 
groups. Such methods enhance the production of RNA or analogs of the 
type described above (e.g., with substituted 2'-groups), and allow efficient 
synthesis of large amounts of such RNA. Such RNA may also have 
20 enzymatic activity and be purified without loss of that activity. While specific 
examples are given herein, those in the art will recognize that equivalent 
chemical reactions can be performed with the alternative chemicals noted 
above, which can be optimized and selected by routine experimentation. 

In another aspect, the invention features an improved method for the 
25 purification or analysis of RNA or enzymatic RNA molecules (e.g. 28-70 
nucleotides in length) by passing said RNA or enzymatic RNA molecule 
over an HPLC, e.g., reverse phase and/or an anion exchange 
chromatography column. The method of purification improves the catalytic 
activity of enzymatic RNAs over the gel purification method (see Figure 10). 

30 Draper et at., PCT W093/23569, incorporated by reference herein, 

disclosed reverse phase HPLC purification. The purification of long RNA 
molecules may be accomplished using anion exchange chromatography, 
particularly in conjunction with alkali perchlorate salts. This system may be 
used to purify very long RNA molecules. In particular, it is advantageous to 
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use a Dionex NucleoPak 100® or a Pharmacia Mono Q® anion exchange 
column for the purification of RNA by the anion exchange method. This 
anion exchange purification may be used following a reverse-phase 
purification or prior to reverse phase purification. This method results in the 
5 formation of a sodium salt of the ribozyme during the chromatography. 
Replacement of the sodium alkali earth salt by other metal salts, e.g., 
lithium, magnesium or calcium perchlorate, yields the corresponding salt of 
the RNA molecule during the purification. 

In the case of the 2-step purification procedure, in which the first step 
10 is a reverse phase purification followed by an anion exchange step, the 
reverse phase purification is best accomplished using polymeric, e.g. 
polystyrene based, reverse-phase media, using either a 5'-trityl-on or 5'- 
trityl-off method. Either molecule may be recovered using this reverse- 
phase method, and then, once detritylated, the two fractions may be pooled 
1 5 and then submitted to an anion exchange purification step as described 
above. 

The method includes passing the enzymatically active RNA 
molecule over a reverse phase HPLC column; the enzymatically active 
RNA molecule is produced in a synthetic chemical method and not by an 
20 enzymatic process; and the enzymatic RNA molecule is partially blocked, 
and the partially blocked enzymatically active RNA molecule is passed 
over a reverse phase HPLC column to separate it from other RNA 
molecules. 

In more preferred embodiments, the enzymatically active RNA 
25 molecule, after passage over the reverse phase HPLC column, is 
deprotected and passed over a second reverse phase HPLC column 
(which may be the same as the reverse phase HPLC column), to remove 
the enzymatic RNA molecule from other components. In addition, the 
column is a silica or organic polymer-based C4, C8 or C18 column having 
30 a porosity of at least 125 A, preferably 300 A, and a particle size of at least 
2 fim, preferably 5 fim. 

Activation 

The synthesis of RNA molecules may be accomplished chemically or 
enzymatically. In the case of chemical synthesis the use of tetrazole as an 
35 activator of RNA phosphoramidites is known (Usman et al. J. Am. Chem. 
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Soc. 1987. 109, 7845-7854). In this, and subsequent reports, a 0.5 M 
solution of tetrazole is allowed to react with the RNA phosphoramidite and 
couple with the polymer bound S'-hydroxyl group for 10 m. Applicant has 
determined that using 0.25-0.5 M solutions of 5-S-alkyltetrazoles for only 5 
5 min gives equivalent or better results. The following exemplifies the 
procedure. 

Example 7; Synthesis of RNA and Ribozymes Using 5-S-Alkvltetrazoles 
as Activating Agent 

The method of synthesis used follows the general procedure for RNA 
10 synthesis as described in Usman et al., \9&7 supra and in Scaringe et a!., 
Nucleic Acids Res. 1990, 18, 5433-5441 and makes use of common 
nucleic acid protecting and coupling groups, such as dimethoxytrity! at the 
5'-end, and phosphoramidites at the 3'-end. The major difference used 
was the activating agent, 5-S-ethyl or -methyltetrazole @ 0.25 M 
1 5 concentration for 5 min. 

All small scale syntheses were conducted on a 394 (ABI) synthesizer 
using a modified 2.5 pmo\ scale protocol with a reduced 5 min coupling 
step for alkylsilyl protected RNA and 2.5 m coupling step for 2'-0- 
methylated RNA. A 6.5-fold excess (162.5 ^iL of 0.1 M = 32.5 u,mol) of 

20 phosphoramidite and a 40-fold excess of S-ethyl tetrazole (400 ul of 0.25 
M = 100 jxmol) relative to polymer-bound 5'-hydroxyl was used in each 
coupling cycle. Average coupling yields on the 394, determined by 
colorimetric quantitation of the trityl fractions, was 97.5-99%. Other 
oligonucleotide synthesis reagents for the 394: Detritylation solution was 

25 2% TCA in methylene chloride; capping was performed with 16% /V-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM l2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 

30 the solid obtained from Applied Biosystems. 

All large scale syntheses were conducted on a modified (eight amidite 
port capacity) 390Z (ABI) synthesizer using a 25 jimol scale protocol with a 
5-15 min coupling step for alkylsilyl protected RNA and 7.5 m coupling step 
for 2 , -0-methylated RNA. A six-fold excess (1.5 mL of 0.1 M = 150 u/nol) of 
35 phosphoramidite and a forty-five-fold excess of S-ethyl tetrazole (4.5 mL of 



NUC 37674 



WO 95/23225 



PCT/IB95/00156 



70 

0.25 M = 1125 \imo\) relative to polymer-bound S'-hydroxyl was used in 
each coupling cycle. Average coupling yields on the 390Z, determined by 
colorimetric quantitation of the trltyl fractions, was 95.0-96.7%. 
Oligonucleotide synthesis reagents for the 3902: Oetritylation solution was 
5 2% OCA in methylene chloride; capping was performed with 16% /V-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonltrile was used directly from the reagent 
bottle. S-Ethyl tetrazole solution (0.25-0.5 M in acetonrtrile) was made up 
1 0 from the solid obtained from Applied Biosystems. 

Deprotection 

The first step of the deprotection of RNA molecules may be 
accomplished by removal of the exocyclic amino protecting groups with 
either NH40H/EtOH;3/1 (Usman etal. J. Am. Chem. Soc. 1987, 109, 7845- 
15 7854) or NrVEtOH (Scaringe ef al. Nucleic Acids Res. 1990, 18 t 5433- 
5341) for -20 h @ 55-65 °C. Applicant has determined that the use of 
methylamine or NH40H/methylamine for 10-15 min @ 55-65 °C gives 
equivalent or better results. The following exemplifies the procedure. 

Example 8: RNA and Ribozyme Deprotection of Exocvclic Amino 
20 Protecting Groups Using Methvlamine (MA) or NH jOH/Methvlamine fAMA) 

The polymer-bound oligonucleotide, either trityl-on or off, was 
suspended in a solution of methylamine (MA) or NH40H/methylamine 
(AMA) @ 55-65 °C for 5-15 min to remove the exocyclic amino protecting 
groups. The polymer-bound oligoribonucleotide was transferred from the 

25 synthesis column to a 4 mL glass screw top vial. NH4OH and aqueous 
methylamine were pre-mixed in equal volumes. 4 mL of the resulting 
reagent was added to the vial, equilibrated for 5 m at RT and then heated at 
55 or 65 °C for 5-15 min. After cooling to -20 °C, the supernatant was 
removed from the polymer support. The support was washed with 1.0 mL 

30 of EtOH:MeCN:H 2 0/3:1 :1 , vortexed and the supernatant was then added to 
the first supernatant. The combined supernatants, containing the 
oligoribonucleotide, were dried to a white powder. The same procedure 
was followed for the aqueous methylamine reagent. 

Table 40 is a summary of the results obtained using the improvements 
35 outlined in this application for base deprotection. 
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The second step of the deprotection of RNA molecules may be 
accomplished by removal of the 2'-hydroxyl alkylsilyl protecting group 
using TBAF for 8-24 h (Usman et at J. Am. Chem. Soc. 1987, 109, 7845- 
7854). Applicant has determined that the use of anhydrous TEA»HF in A/- 
5 methylpyrrolidine (NMP) for 0.5-1 .5 h @ 55-65 °C gives equivalent or better 
results. The following exemplifies this procedure. 

Example 9; RNA and Ribozvme Deprotection of 2 , -Hvdroxvl Alky lsjiyi 
Protecting Groups Using Anhydrous TEA*HF 

To remove the alkylsilyl protecting groups, the ammonia-deprotected 
1 0 oligoribonucleotide was resuspended in 250 jxL of 1 .4 M anhydrous HF 
solution (1.5 mL A/-methylpyrrolidine, 750 ^iL TEA and 1.0 mL TEA«3HF) 
and heated to 65 °C for 1.5 h. 9 mL of 50 mM TEAB was added to quench 
the reaction. The resulting solution was loaded onto a Qiagen 500 s * anion 
exchange cartridge (Qiagen Inc.) prewashed with 10 mL of 50 mM TEAB. 
1 5 After washing the cartridge with 1 0 mL of 50 mM TEAB, the RNA was eluted 
with 1 0 mL of 2 M TEAB and dried down to a white powder. 

Table 41 is a summary of the results obtained using the improvements 
outlined in this application for alkylsilyl deprotection. 

Example 1Q: HPLC Purification. Anion Exchange column 

20 For a small scale synthesis, the crude material was diluted to 5 mL 

with diethylpyrocarbonate treated water. The sample was injected onto 
either a Pharmacia Mono Q® 16/10 or Dionex NucleoPac® column with 
100% buffer A (10 mM NaCI0 4 ). A gradient from 180-210 mM NaCl0 4 at a 
rate of 0.85 mM/void volume for a Pharmacia Mono Q® anion-exchange 

25 column or 100-150 mM NaCI0 4 at a rate of 1.7 mM/void volume for a 
Dionex NucleoPac® anion-exchange column was used to elute the RNA. 
Fractions were analyzed by a HP-1090 HPLC with a Dionex NucleoPac® 
column. Fractions containing full length product at >80% by peak area 
were pooled. 

30 For a trityl-off large scale synthesis, the crude material was desalted 

by applying the solution that resulted from quenching of the desllylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 
column. The column was thoroughly washed with 10 mM sodium 
perchlorate buffer. The oligonucleotide was eluted from the column with 
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300 mM sodium perchlorate. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material in the synthesis. 
The eluent was diluted four fold in sterile H2O to lower the salt 
concentration and applied to a Pharmacia Mono Q® 16/10 column. A 
5 gradient from 10-185 mM sodium perchlorate was run over 4 column 
volumes to elute shorter sequences, the full length product was then eluted 
in a gradient from 185-214 mM sodium perchlorate in 30 column volumes. 
The fractions of interest were analyzed on a HP-1090 HPLC with a Dionex 
NucleoPac® column. Fractions containing over 85% full length material 
10 were pooled. The pool was applied to a Pharmacia RPC® column for 
desalting. 

For a trityl-on large scale synthesis, the crude material was desalted 
by applying the solution that resulted from quenching of the desilylation 
reaction to a 53 mL Pharmacia HiLoad 26/10 Q-Sepharose® Fast Flow 

15 column. The column was thoroughly washed with 20 mM NH 4 CO 3 H/10% 
CH3CN buffer. The oligonucleotide was eluted from the column with 1.5 M 
NH4CC>3H/10% acetonitrile. The eluent was quantitated and an analytical 
HPLC was run to determine the percent full length material present in the 
synthesis. The oligonucleotide was then applied to a Pharmacia Resource 

20 RPC column. A gradient from 20-55% B (20 mM NH 4 C0 3 H/25% CH 3 CN, 
buffer A = 20 mM NH 4 CO 3 H/10% CH 3 CN) was run over 35 column 
volumes. The fractions of interest were analyzed on a HP-1090 HPLC with 
a Dionex NucleoPac® column. Fractions containing over 60% full length 
material were pooled. The pooled fractions were then submitted to manual 

25 detritylation with 80% acetic acid, dried down immediately, resuspended in 
sterile H2O, dried down and resuspended in H2O again. This material was 
analyzed on a HP 1090-HPLC with a Dionex NucleoPac® column. The 
material was purified by anion exchange chromatography as in the trityl-off 
scheme (vide supra). 

30 Example 1 1 Ribozvme Activity Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5'- 
end labeled ribozymes (~36-mers) were both heated to 95 °C, quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 |iM, 200 nM, 40 nM or 8 nM and. the final substrate RNA 
35 concentrations were ~ 1 nM. Total reaction volumes were 50 jiL. The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgCI 2 . Reactions were 
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initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
p.L were removed at time points of 1, 5, 15, 30, 60 and 120 m. Each aliquot 
was quenched in formamide loading buffer and loaded onto a 15% 
denaturing poiyacrylamide gel for analysis. Quantitative analyses were 
5 performed using a phosphorimager (Molecular Dynamics). 

Example _12: One pot deprotection of RNA 

Applicant has shown that aqueous methyl amine is an efficient 
reagent to deprotect bases in an RNA molecule. However, in a time 
consuming step (2-24 hrs), the RNA sample needs to be dried completely 

10 prior to the deprotection of the sugar 2'-hydroxyt groups. Additionally, 
deprotection of RNA synthesized on a large scale (e.g., 100 ^mol) 
becomes challenging since the volume of solid support used is quite large. 
In an attempt to minimize the time required for deprotection and to simplify 
• the process of deprotection of RNA synthesized on a large scale, applicant 

15 describes a one pot deprotection protocol (Fig. 12). According to this 
protocol, anhydrous methylamine is used in place of aqueous methyl 
amine. Base deprotection is carried out at 65 °C for 15 min and the 
reaction is allowed to cool for 10 min. Deprotection of 2'-hydroxyl groups is 
then carried out in the same container for 90 min in a TEA*3HF reagent. 

20 The reaction is quenched with 16 mM TEAB solution. 

Referring to Fig. 13. hammerhead ribozyme targeted to site B is 
synthesized using RNA phosphoramadite chemistry and deprotected using 
either a two pot or a one pot protocol. Profiles of these ribozymes on an 
HPLC column are compared. The figure shows that RNAs deprotected by 
25 either the one pot or the two pot protocols yield similar full-length product 
profiles. Applicant has shown that using a one pot deprotection protocol, 
time required for RNA deprotection can be reduced considerably without 
compromising the quality or the yield of full length RNA. 

Referring to Fio. 14. hammerhead ribozymes targeted to site B (from 
30 Fig. 13) are tested for their ability to cleave RNA. As shown in the figure 14. 
ribozymes that are deprotected using one pot protocol have catalytic 
activity comparable to ribozymes that are deprotected using a two pot 
protocol. 
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Example 12a: Impro ved protocol for the synthesis of phosphorothioate 
containing RNA and ribozvmes using 5-S-AlkvUetrazoles as Activating 
Agent 

The two suifurizing reagents that have been used to synthesize 
5 ribophosphorothioates are tetraethylthiuram disulfide (TETD; Vu and 
Hirschbein, 1991 Tetrahedron Letter 31, 3005), and 3H-1,2-benzodithioi-3- 
one 1,1-dioxide (Beaucage reagent; Vu and Hirschbein, 1991 supra). 
TETD requires long sulfurization times (600 seconds for DNA and 3600 
seconds for RNA). It has recently been shown that for sulfurization of DNA 
10 oligonucleotides, Beaucage reagent is more efficient than TETD 
(Wyrzykiewicz and Ravlkumar, 1994 Bioorganic Med. Chem. 4, 1519). 
Beaucage reagent has also been used to synthesize phosphorothioate 
oligonucleotides containing 2-deoxy-2'-fluoro modifications wherein the 
watt time is 10 min (Kawasaki et aL, 1992 J. Med. Chem). 

15 The method of synthesis used follows the procedure for RNA 

synthesis as described herein and makes use of common nucleic acid 
protecting and coupling groups, such as dimethoxytrityl at the S'-end, and 
phosphoramidites at the 3'-end. The sulfurization step for RNA described 
in the literature is a 8 second delivery and 10 min wait steps (Beaucage 

20 and Iyer, 1991 Tetrahedron 49, 6123). These conditions produced about 
95% sulfurization as measured by HPLC analysis (Morvan et al. # 1990 
Tetrahedron Letter 31 , 7149). This 5% contaminating oxidation could arise 
from the presence of oxygen dissolved in solvents and/or slow release of 
traces of iodine adsorbed on the inner surface of delivery lines during 

25 previous synthesis. 

A major improvement is the use of an activating agent, 5-S- 
ethyltetrazole or 5-S-methyltetrazole at a concentration of 0.25 M for 5 min. 
Additionally, for those linkages which are phosporothioate, the iodine 
solution is replaced with a 0.05 M solution of 3H-1,2-benzodithiole-3-one 
30 1,1 -dioxide (Beaucage reagent) in acetonitrile. The delivery time for the 
sulfurization step is reduced to 5 seconds and the wait time is reduced to 
300 seconds. 

RNA synthesis is conducted on a 394 (ABI) synthesizer using a 
modified 2.5 jimol scale protocol with a reduced 5 min coupling step for 
35 alkylsilyl protected RNA and 2.5 min coupling step for 2'-0-methylated 
RNA. A 6.5-fold excess (162.5 nL of 0.1 M * 32.5 jimol) of phosphoramidite 

RECTIFIED SHEET (RULE ©1) 
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and a 40-fold excess of S-ethyl tetrazole (400 \± of 0.25 M - 100 fimol) 
relative to polymer-bound 5*-hydroxyI was used in each coupling cycle. 
Average coupling yields on the 394 synthesizer, determined by colorimetric 
quantitation of the trityl fractions, was 97.5-99%. Other oligonucleotide 
5 synthesis reagents for the 394 synthesizer detritylation solution was 2% 
TCA in methylene chloride; capping was performed with 16% A/-Methyl 
imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in THF; 
oxidation solution was 16.9 mM l 2 , 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
10 bottle. S-Ethyl tetrazole solution (0.25 M in acetonitrile) was made up from 
the solid obtained from Applied Biosystems. Sulfurizing reagent was 
obtained from Glen Research. 

Average sulfurization efficiency (ASE) is determined using the 
formula: ASE = (PS/Total) 1/n-1 

1 5 where, PS = integrated 31 p NMR values of the P=S diester 

Total = integration value of all peaks 

n = length of oligo 

Referring to tables 42 and 43, effects of varying the delivery and the 
wait time for sulfurization with Beaucage's reagent is described. These 
20 data suggest that 5 second wait time and 300 second delivery time is the 
condition under which ASE is maximum. 

Using the above conditions a 36 mer hammerhead ribozyme is 
synthesized which is targeted to site C. The ribozyme is synthesized to 
contain phosphorothioate linkages at four positions towards the 5* end. 
25 RNA cleavage activity of this ribozyme is shown in Fi g. 16 . Activity of the 
phosphorothioate ribozyme is comparable to the activity of a ribozyme 
lacking any phosphorothioate linkages. 

Example 13: Protocol for the synthesis of ^-N-phtalim ido-nucleoside 
phosphoramidite 

30 The 2'-amino group of a 2'-deoxy-2 , -amino nucleoside is normally 

protected with N-(9-fiourenylmethoxycarbonyl) (Fmoc; Imazawa and 
Eckstein, 1979 suprai Pieken et al., 1991 Science 253, 314). This 
protecting group is not stable in CH3CN solution or even in dry form during 
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prolonged storage at -20 °C. These problems need to be overcome in 
order to achieve large scale synthesis of RNA. 

Applicant describes the use of alternative protecting groups for the 2'- 
aLmino group of ^-deoxy^'-amino nucleoside. Referring to Figure 17. 
5 phosphoramidite 17 was synthesized starting from 2'-deoxy-2'- 
aminonuclcoside (12) using transient protection with Markevich reagent 
(Markiewicz J. Chem. Res. 1979, S, 24). An intermediate 13 was obtained 
in 50% yield, however subsequent introduction of N-phtaloyt (Pht) group by 
Mefken's method (Nefkens, 1960 Nature 185, 306), desilylation (15), 
10 dimethoxytrytilation (16) and phosphitylation led to phosphoramidite 17. 
Since overall yield of this multi-step procedure was low (20%) applicant 
investigated some alternative approaches, concentrating on selective 
introduction of N-phtaloyl group without acylation of 5' and 3* hydroxyls. 

When ^-deoxy^'-amino-nucleoside was reacted with 1.05 
15 equivalents of Nefkens reagent in DMF overnight with subsequent 
treatment with Et3N (1 hour) only 10-15% of N and 5'(3*)-bis-phtaloyl 
d erivatives were formed with the major component being N-Pht-derivative 
1 5. The N,0-bis by-products could be selectively and quantitively 
converted to N-Pht derivative 15 by treatment of crude reaction mixture 
20 with cat. KCN/MeOH. 

A convenient "one-pot" procedure for the synthesis of key . 
intermediate 16 involves selective N-phthaloylation with subsequent 
diirtethoxytrytilation by DMTCl/Et3N and resulting in the preparation of DMT 
derivative 16 in 85% overall yield as follows. Standard phosphytilation of 

25 16 produced phosphoramidite 17 in 87% yield. One gram of 2'-amino 
nucleoside, for example 2'-amino uridine (US Biochemicals® part # 
77140) was co-evaporated twice from dry dimethyl formamide (Dmf) and 
dried in vacuo overnight. 50 mis of Aldrich sure-seal Dmf was added to the 
dry 2'-amino uridine via syringe and the mixture was stirred for 10 minutes 

30 to produce a clear solution. 1.0 grams (1.05 eq.) of N- 
carbethoxyphthalimide (Nefken's reagent, 98% Jannsen Chimica) was 
added and the solution was stirred overnight. Thin layer chromatography 
(TIC) showed 90% conversion to a faster moving products (10% ETOH in 
C HC!3) and 57 u.1 of TEA (0.1 eq.) was added to effect closure of the 

35 phthalimide ring. After 1 hour an additional 855 uJ (1.5 eq.) of TEA was 
added followed by the addition of 1.53 grams (1.1 eq.) of DMT-CI 
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(Lancaster Synthesis®, 98%). The reaction mixture was left to stir 
overnight and quenched with ETOH after TLC showed greater than 90% 
desired product. Dmf was removed under vacuum and the mixture was 
washed with sodium bicarbonate solution (5% aq., 500 mis) and extracted 
5 with ethyl acetate (2x 200 mis). A 25mm x 300mm flash column (75 grams 
Merck flash silica) was used for purification. Compound eluted at 80 to 
85% ethyl acetate in hexanes (yield: 80% purity: >95% by 1 HNMR). 
Phosphoramidites were then prepared using standard protocols described 
above. 

10 With phosphoramidite 17 in hand applicant synthesized several 

ribozymes with 2'-deoxy-2'-amino modifications. Analysis of the synthesis 
demonstrated coupling efficiency in 97-98% range. RNA cleavage activity 
of ribozymes containing 2'-deoxy-2'-amino-U modifications at U4 and/or 
U7 positions (see Figure 1), wherein the 2'-amino positions were either 

15 protected with Fmoc or Pht, was identical. Additionally, complete 
deprotection of 2*-deoxy-2'-amino-Uridine was confirmed by base- 
composition analysis. The coupling efficiency of phosphoramidite 17 was 
not effected over prolonged storage (1-2 months) at low temperatures. 

Protecting 2' Position with a SFM Group 

20 There follows a method using the 2'-(trimethyisilyl)ethoxymethyl 

protecting group (SEM) in the synthesis of oligoribonucleotides, and in 
particular those enzymatic molecules described above. For the synthesis 
of RNA it is important that the 2-hydroxyl protecting group be stable 
throughout the various steps of the synthesis and base deprotection. At the 

25 same time, this group should also be readily removed when desired. To 
that end the f-butyldimethylsilyl group has been efficacious (Usman.N.; 
Ogilvie,K.K.; Jiang, M.-Y.; Cedergren t R.J. J. Am. Chem. Soc. 1987, 109, 
7845-7854 and Scaringe f S.A.; Franklyn.C.; Usman.N. NucL Acids Res. 
1990, 18 t 5433-5441). However, long exposure times to tetra-n- 

30 butylammonium fluoride (TBAF) are generally required to fully remove this 
protecting group from the 2*-hydroxyl. In addition, the bulky alkyl 
substituents can prove to be a hindrance to coupling thereby necessitating 
longer coupling times. Finally, it has been shown that the TBDMS group is 
base labile and is partially deprotected during treatment with ethanolic 

35 ammonia (Scaringe.S.A.; Franklyn.C; Usman.N. Nucl. Acids Res. 1990, 
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18, 5433-5441 and Stawinski,J.; Stromberg.R.; Thelin.M.; Westman,E. 
Nucleic Acids Res. 1988, 16, 9285-9298). 

The (trimethylsilyl)ethoxymethyi ether (SEM) seems a suitable 
substitute. This protecting group is stable to base and all but the harshest 
5 acidic conditions. Therefore it is stable under the conditions required for 
oligonucleotide synthesis. It can be readily introduced and the oxygen 
. carbon bond makes it unable to migrate. Finally, the SEM group can be 
removed with BF3»OEt2 very quickly. 

There follows a method for synthesis of RNA by protecting the 2'- 
10 position of a nucleotide during RNA synthesis with a 
(trimethyisilyl)ethoxymethy! (SEM) group. The method can involve use of 
standard RNA synthesis conditions as discussed below, or any other 
equivalent steps. Those in the art are familiar with such steps. The 
nucleotide used can be any normal nucleotide or may be substituted in 
15 various positions by methods well known in the art, e.g., as described by 
Eckstein et a!., International Publication No. WO 92/07065, PerrauK ef a/., 
Nature 1990, 344 t 565-568, Pieken et a/., Science 1991, 253, 314-317, 
Usman.N.; Cedergren.R.J. Trends in Biochem. Sci. 1992, 77, 334-339, 
Usman et al., PCT W093/15187, and Sproat.B. European Patent 
20 Application 92110298.4 . 

This invention also features a method for covalently linking a SEM 
group to the 2'-position of a nucleotide. The method involves contacting a 
nucleoside with an SEM-containing molecule under SEM bonding 
conditions. In a preferred embodiment, the conditions are dibutyltin oxide, 
25 tetrabutylammonium fluoride and SEM-CI. Those in the art, however, will 
recognize that other equivalent conditions can also be used. 

In another aspect, the invention features a method for removal of an 
SEM group from a nucleoside molecule or an oligonucleotide. The method 
involves contacting the molecule or oligonucleotide with boron trifluoride 
30 etherate (BF 3 *OEt 2 ) under SEM removing conditions, e.g., in acetonitrile. 

Referring to Figure 18. there is shown the method for solid phase 
synthesis of RNA. A 2\5'-protected nucleotide is contacted with a solid 
phase bound nucleotide under RNA synthesis conditions to form a 
dinucleotide. The protecting group (R) at the 2'-position in prior art 
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methods can be a silyl ether, as shown in the Figure. In the method of the 
present invention, an SEM group is used in place of the silyl ether. 
Otherwise RNA synthesis can be performed by standard methodology. 

Referring to Figure 1 9. there is shown the synthesis of 2-O-SEM 
5 protected nucleosides and phosphoramadites. Briefly, a S'-protected 
nucleoside (1) is protected at the 2'- or 3*-position by contacting with a 
derivative of SEM under appropriate conditions. Specifically, those 
conditions include contacting the nucleoside with dibutyltin oxide and SEM 
chloride. The 2 regioisomers are separated by chromatography and the 2- 
10 protected moiety is converted into a phosphoramidite by standard 
procedure. The 3'-protected nucleoside is converted into a succinate 
derivative suitable for derivatization of a solid support. 

Referring to Figure 20 . a prior art method for deprotection of RNA using silyl 
ethers is shown. This contrasts with the method shown in Figure 21 in 

1 5 which deprotection of RNA containing an SEM group is performed. In step 
1 , the base protecting groups and cyanoethyl groups are removed by 
standard procedure. The SEM group is then removed as shown in the 
Figure. The details of the synthesis of phosphoramidites and SEM 
protected nucleosides and their use in synthesis of oligonucleotides and 

20 subsequent deprotection of 

Example 14: Synthesis of ^CXftrimethvlsiivnethoxvmethvh-S^O- Pi- 
methoxvtrjtyl Uridine (2) 

Referring to Fig ure , 19,, S'-O-dimethoxytrityl uridine 1 (1.0 g, 1.83 
mmol) in CH3CN (18 mL) was added dibutyltin oxide (1.0 g, 4.03 mmol) 

25 and TBAF (1 M. 2.38 mL, 2.38 mmol). The mixture was stirred for 2 h at RT 
(about 20-25°C) at which time (trimethylsilyl)ethoxymethyl chloride (SEM- 
CI) (487 ul ( 2.75 mmol) was added. The reaction mixture was stirred 
overnight and then filtered and evaporated. Flash chromatography (30% 
hexanes.in ethyl acetate) yielded 347 mg (28.0%) of 2'-hydroxyl protected 

30 nucleoside 2 and 314 mg (25.3%) of 3'-hydroxyl protected nucleoside 3. 

Example 15: Synthesis of 2 , -0((trimethvlsilvnethoxvmethvn Uridine (4) 

Nucleoside 2 was detritylated following standard methods, as shown - 
in Figure 19. 
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Example 16: Synthesis of a^amrimethvlsifvhethoxvmethvlVS'.^D-Acetyl 
Uridine (5) 

Nucleoside 4 was acetylated following standard methods, as shown 
in Figure 19 . 

5 Example 17: Synthesis of 5\3 , -Q-Acetvl Uridine (61 

Referring to Figure 19. the fully protected uridine 5 (32 mg, 0.07 
mmol) was dissolved in CH3CN (700 and BF3*OEt2 (17.5 jiL, 0.14 
mmol) was added. The reaction was stirred 15 m and MeOH was added to 
quench the reaction. Flash chromatography (5% MeOH in CH2CI2) gave 
10 20 mg (88%) of SEM deprotected nucleoside 6. 

Example 18: Synthesis of ^-Oatrimethvlsilvnethoxvmethvn-a^O- 
Succinv!-5'-Q- Pimethoxvtritvl Uridine <2\ 

Nucleoside 3 was succinylated and coupled to the support following 
standard procedures, as shown in Figure 19. . 

15 Example 19: Synthesis of ^OrrtrimethvlsilynethoxvmethylVS'-O^ Di- 
methoxytrttvl Uridine 3'-(2-Cyanoethyl A/, A/-diisopropvl phosphoramidite! 
IS) 

Nucleoside 3 was phosphitylated following standard methods, as 
shown in Figure 19 . 

20 Example 20: Synthesis of RNA Using 2 -OSEM Protection 

Referring to Figure 18 . the method of synthesis used follows the 
general procedure for RNA synthesis as described in Usman f N.; 
Ogilvie.K.K.; Jiang.M.-Y.; Cedergren.R.j. J. Am, Chem. Soc. 1987, 109, 
7845-7854 and in Scaringe.SA; Franklyn.C; Usman.N. Nucl. Acids Res. 

25 1990, 18 % 5433-5441. The phosphoramidite 8 was coupled following 
standard RNA methods to provide a 10-mer of uridylic acid. Syntheses 
were conducted on a 394 (ABI) synthesizer using a modified 2.5 nmol 
scale protocol with a 10 m coupling step. A thirteen-fold excess (325 of 
0.1 M = 32.5 |imol) of phosphoramidite and a 80-fold excess of tetrazole 

30 (400 \iL of 0.5 M = 200 jimol) relative to polymer-bound 5'-hydroxyl was 
used in each coupling cycle. Average coupling yields on the 394, 
determined by colorimetric quantitation of the trityl fractions, were 98-99%. 
Other oligonucleotide synthesis reagents for the 394: Detritylation solution 
was 2% TCA in methylene chloride; capping was performed with 16% N- 
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Methyl imidazole in THF and 10% acetic anhydride/10% 2,6-lutidine in 
THF; oxidation solution vyas 16.9 mM I2, 49 mM pyridine, 9% water in THF. 
Fisher Synthesis Grade acetonitrile was used directly from the reagent 
bottle. 

i 

5 Referring to Figure 21 . the homopolyrner was base deprotected with 

NH3/EIOH at 65 °C. The solution was decanted and the support was 
washed twice with a solution of 1:1:1 H20:CH3CN:MeOH. The combined 
solutions were dried down and then diluted with CH3CN (1 mL). BF3»OEt2 
(2.5 jiL, 30 nmol) was added to the solution and aliquots were removed at 

10 ten time points. The results indicate that after 30 min deprotection is 
complete, as shown in Figure 22. 

HI. Vectors Expressing Ribozymes 

There follows a method for expression of a ribozyme in a bacterial or 
eucaryotic cell, and for production of large amounts of such a ribozyme. In 

1 5 general, the invention features a method for preparing multi-copy cassettes 
encoding a defined ribozyme structure for production of a ribozyme at a 
decreased cost. A vector is produced which encodes a plurality of 
ribozymes which are cleaved at their 3* and 5* ends from an RNA transcript 
producted from the vector by only one other ribozyme. The system is useful 

20 for scaling up production of a ribozyme, which may be either modified or 
unmodified, in situ or in vitro. Such vector systems can be used to express 
a desired ribozyme in a specific cell, or can be used in an in vitro system to 
allow productiuon of large amounts of a desired riboqyne, The vectors of 
this invention allow a higher yield synthesis of a ribozyme in the form of an 

25 RNA transcript which is cleaved In situ or in vitro before or after transcript 
isolation. 

Thus, this invention is distinct from the prior art in that a single 
ribozyme is used to process the 3' and 5' ends of each therapeutic, trans- 
acting or desired ribozyme instead of processing only one end, or only one 
30 ribozyme. This allows smaller vectors to be derived with multiple trans- 
acting ribozymes released by only one other ribozyme from the mRNA 
transcript. Applicant has also provided methods by which the activity of 
such ribozymes is increased compared to those in the art, by designing 
ribozyme-encoding vectors and the corresponding transcript such that 



NUC 37686 



WO 95/23225 



PCI7IB9S/00156 



82 

folding of the mRNA does not interfere with processing by the releasing 
ribozyme. . 

The stability of the ribozyme produced in this method can be 
enhanced by provision of sequences at the termini of the ribozyrnes as 
5 described by Draper et al., PCT WO 93/23509, hereby incorporated by 
reference herein. 

The method of this invention is advantageous since it provides high 
yield synthesis of ribozyrnes by use of low cost transcription-based 
protocols, compared to existing chemical ribozyme synthesis, and can use 
10 isolation techniques currently used to purify chemically synthesized 
oligonucleotides. Thus, the method allows synthesis of ribozyrnes in high 
yield at low cost for analytical, diagnostic, or therapeutic applications. 

The method is also useful for synthesis of ribozyrnes in vitro for 
ribozyme structural studies, enzymatic studies, target RNA accessibility 
1 5 studies, transcription inhibition studies and nuclease protection studies, 
much is described by Draper et al., PCT WO 93/23509 hereby incorporated 
by reference herein. 

The method can also be used to produce ribozyrnes in situ either to 
increase the intracellular concentration of a desired therapeutic ribozyme, 
20 or to produce a concatameric transcript for subsequent in vitro isolation of 
unit length ribozyme. The desired ribozyme can be used to inhibit gene 
expression in molecular genetic analyses or in infectious cell systems, and 
to test the efficacy of a therapeutic molecule or treat afflicted cells. 

Thus, in general, the invention features a vector which includes a 
25 bacterial, viral or eucaryotic promoter within a plasmid, cosmid, phagmid, 
virus, viroid, virusoid or phage vector. Other vectors are equally suitable 
and include double-stranded, or partially double-stranded DNA, formed by 
an amplification method such as the polymerase chain reaction, or double- 
stranded, partially double-stranded or single-stranded RNA, formed by site- 
30 directed homologous recombination into viral or viroid RNA genomes. 
Such vectors need not be circular. Transcriptionally linked to the promoter 
region is a first ribozyme-encoding region, and nucleotide sequences 
encoding a ribozyme cleavage sequence which is placed on either side of 
a region encoding a therapeutic or otherwise desired second ribozyme. 
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Suitable restriction endonuclease sites can be provided to ease 
construction of this vector in DNA vectors or in requisite DNA vectors of an 
RNA expression system. The desired second ribozyme may be any 
desired type of ribozyme, such as a hammerhead, hairpin , hepatitis delta 

5 virus (HDV) or other catalytic center, and can include group I and group II 
introns, as discussed above. The first ribozyme is chosen to cleave the 
encoded cleavage sequence, and may also be any desired ribozyme, for 
example, a Tetrahymena derived ribozyme, which may, for example, 
include an imbedded restriction endonuclease site In the center of a self- 

10 recognition sequence to aid in vector construction. This endonuclease site 
is useful for construction of the vector, and subsequent analysis of the 
vector. 

When the promoter of such a vector is activated an RNA transcript is 
produced which includes the first and second ribozyme sequences. The 
1 5 first ribozyme sequence is able to act, under appropriate conditions, to 
cause cleavage at the cleavage sites to release the second ribozyme 
sequences. These second ribozyme sequences can then act at their target 
RNA sites, or can be isolated for later use or analysis. 

Thus, in one aspect the invention features a vector which includes a 
20 first nucleic acid sequence (encoding a first ribozyme having 
intramolecular cleaving activity), and a second nucleic acid sequence 
(encoding a second ribozyme having intermolecular cleaving enzymatic 
activity) flanked by nucleic acid sequences encoding RNA which is cleaved 
by the first ribozyme to release the second ribozyme from the RNA 
25 transcript encoded by the vector. The second ribozyme may be flanked by 
the first ribozyme either on the 5' side or 3' side. If desired, the first 
ribozyme may be encoded on a separate vector and may have 
intermolecular cleaving activity. 

As discussed above, the first ribozyme can be chosen to be any self- 
30 cleaving ribozyme, and the second ribozyme may be chosen to be any 
desired ribozyme. The flanking sequences are chosen to include 
sequences recognized by the first ribozyme. When the vector is caused to 
express RNA from these nucleic acid sequences, that RNA has the ability 
under appropriate conditions to cleave each of the flanking regions and 
35 thereby release one or more copies of the second ribozyme. If desired, 
several different second ribozymes can be produced by the same vector, or 
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several different vectors can be placed in the same vessel or cell to 
produce different ribozymes. 

In preferred embodiments, the vector includes a plurality of the nucleic 
acid sequences encoding the second ribozyme, each flanked by nucleic 
5 acid sequences recognized by the first ribozyme. Most preferably, such a 
plurality includes at least six to nine or even between 60- 100 nucleic acid 
sequences. In other preferred embodiments, the vector includes a 
promoter which regulates expression of the nucleic acid encoding the 
ribozymes from the vector; and the vector is chosen from a plasmid, 

1 0 cosmid, phagmid, virus, viroid or phage. In a most preferred embodiment, 
the plurality of nucleic acid sequences are identical and are arranged in 
sequential order such that each has an identical end nearest to the 
promoter. If desired, a poly(A) sequence adjacent to the sequence 
encoding the first or second ribozyme may be provided to increase stability 

1 5 of the RNA produced by the vector; and a restriction endonuclease site 
adjacent to the nucleic acid encoding the first ribozyme is provided to allow 
insertion of nucleic acid encoding the second ribozyme during construction 
of the vector. 

In a second aspect, the invention features a method for formation of a 
20 ribozyme expression vector by providing a vector including nucleic acid 
encoding a first ribozyme, as discussed above, and providing a single- 
stranded DNA encoding a second ribozyme, as discussed above. The 
single-stranded DNA is then allowed to anneal to form a partial duplex 
DNA which can be filled in by a treatment with an appropriate enzyme, 
25 such as a DNA polymerase in the presence of dNTPs, to form a duplex 
DNA which can then be iigated to the vector. Large vectors resulting from 
this method can then be selected to insure that a high copy number of the 
single-stranded DNA encoding the second ribozyme is incorporated into 
the vector. 

30 In a further aspect, the invention features a method for production of 

ribozymes by providing a vector as described above, expressing RNA from 
that vector, and allowing cleavage by the first ribozyme to release the 
second ribozyme. 

In preferred embodiments, three different ribozyme motifs are used as 
35 cis-cleaving ribozymes. The hammerhead, hairpin, and hepatitis delta 
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virus (HDV) ribozyme motifs consist of small, well-defined sequences that 
rapidly self-cleave in vitro (Symons, 1992 Annu. Rev. Biochem. 61, 641). 
While structural and functional differences exist among the three ribozyme 
motifs, they self-process efficiently in vivo. All three ribozyme motifs self- 
5 process to 87-95% completion in the absence of 3' flanking sequences. In 
vitro, the self-processing constructs described in this invention are 
significantly more active than those reported by Taira et al., 1990 supra: 
and Altschuler et al., 1992 Gene 122, 85. The present invention enables 
the use of cis-cleaving ribozymes to efficiently truncate RNA molecules at 
10 specific sites in vivo by ensuring lack of secondary structure which 
prevents processing. 

Isolation of Therapeutic Ribozym e 

The preferred method of isolating therapeutic ribozyme is by a 
chromatographic technique. The HPLC purification methods and reverse 

15 HPLC purification methods described by Draper et al., PCT WO 93/23509, 
hereby incorporated by reference herein, can be used. Alternatively, the 
attachment of complementary oligonucleotides to cellulose or other 
chromatography columns allows isolation of the therapeutic second 
ribozyme, for example, by hybridization to the region between the flanking 

20 arms and the enzymatic RNA. This hybridization will select against the 
short flanking sequences without the desired enzymatic RNA, and against 
the releasing first ribozyme. The hybridization can be accomplished in the 
presence of a chaotropic agent to prevent nuclease degradation. The 
oligonucleotides on the matrix can be modified to minimize nuclease 

25 activity, for example, by provision of 2 -O-methyl RNA oligonucleotides. 
Such modifications of the oligonucleotide attached to the column matrix will 
allow the multiple use of the column with minimal oligo degradation. Many 
such modifications are known in the art, but a chemically stable non- 
reducible modification is preferred. For example, phosphorothioate 

30 modifications can also be used. 

The expressed ribozyme RNA can be isolated from bacterial or 
eucaryotic cells by routine procedures such as . lysis followed by guanidine 
isothiocyanate isolation. 

The current known self-cleaving site of Tetrahymena can be used in 
35 an alternative vector of this invention, if desired, the full-length 
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Tetrahymena sequence may be used, or a shorter sequence may be used. 
It is preferred that, in order to decrease the superfluous sequences in the 
self-cleaving site at the 5' cleavage end, the hairpin normally present in the 
Tetrahymena ribozyme should contain the therapeutic second ribozyme 3' 
5 sequence and its complement. That is, the first releasing ribozyme- 
encoding DNA is provided in two portions, separated by DNA encoding the 
desired second ribozyme. For example, if the therapeutic second ribozyme 
recognition sequence is CGGACGA/CGAGGA, then CGAGGA is provided 
in the self-cleaving site loop such that it is In a stem structure recognized by 
10 the Tetrahymena ribozyme. The loop of the stem may include a restriction 
endonuclease site into which the desired second ribozyme-encoding DNA 
is placed. 

If desired, the vector may be used in a therapeutic protocol by use of 
the systems described by Lechner, PCT WO 92/13070, hereby 

15 incorporated by reference herein, to allow a timed expression of the 
therapeutic second ribozyme, as well as an appropriate shut off of cell or 
gene function. Thus, the vector will include a promoter which appropriately 
expresses enzymatically active RNA only in the presence of an RNA or 
another molecule which indicates the presence of an undesired organism 

20 or state. Such enzymatically active RNA will then kill or harm the cell in 
which it exists, as described by Lechner. id., or act to cause reduced 
expression of a desired protein product. 

A number of suitable RNA vectors may also be used in this invention. 
The vectors include plant viroids, plant viruses which contain single or 
25 double-stranded RNA genomes and animal viruses which contain RNA 
genomes, such as the picornaviruses, myxoviruses, paramyxoviruses, 
hepatitis A virus, reovirus and retroviruses. In many instances cited, use of 
these viral vectors also results in tissue specific delivery of the ribozymes. 

Example 21: Design of self-processing cassettes 

30 In a preferred embodiment, applicant compared the in vitro and in 

vivo cis-cleaving activity of three different ribozyme motifs-the 
hammerhead, the hairpin and the hepatitis delta virus ribozyme-in order to 
assess their potential to process the ends of transcripts in vivo. To make a 
direct comparison among the three, however, it is important to design the 

35 ribozyme-containing transcripts to be as similar as possible. To this end, 
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all the ribozyme cassettes contained the same trans-acting hammerhead 
ribozyme followed immediately by one of the three cis-acting ribozymes 
( Figure 23-25) . For simplicity, applicant refers to each cassette by an 
abbreviation that indicates the downstream cis-cleaving ribozyme only. 
5 Thus HH refers to the cis-cleaving cassette containing a hammerhead 
ribozyme, while HP and HDV refer to the cassettes containing hairpin and 
hepatitis delta virus cis-cleaving ribozymes, respectively. The general 
design of the ribozyme cassettes, as well as specific differences among the 
cassettes, are outlined below. 

1 0 A sequence predicted to form a stable stem-loop structure is included 

at the 5' end of all the transcripts. The hairpin stem contains the T7 RNA 
polymerase initiation sequence (Milligan & Uhlenbeck, 1989 Methods 
EnzymoK 180, 51) and its complement, separated be a stable tetra-loop 
(Antao et at., 1991 Nucleic Acids Res. 19, 5901). By incorporating the T7 

1 5 initiation sequence into a stem-loop structure, applicant hoped to avoid 
nonproductive base pairing interactions with either the trans-acting 
ribozyme or with the cis-acting ribozyme. The presence of a hairpin at the 
end of a transcript may also contribute to the stability of the transcript in 
vivo. These are non-limiting examples. Those in the art will recognize that 

20 other embodiments can be readily generated using a variety of promoters, 
initiator sequences and stem-loop structure combinations generally known 
in the art. 

The trans-acting ribozyme used in this study is targeted to a site B 
(5'..CUGGAGUC^GACCUUC.'.3'). The 5' binding arm of the ribozyme, 5'- 

25 GAAGGUC-3 1 , and the core . of the ribozyme, 5'- 
CUGAUGAGGCCGAAAGGCCGAA-3', remain constant in all cases. In 
addition, ail transcripts also contain a single nucleotide between the 5' 
stem-loop and the first nucleotide of the ribozyme. The linker nucleotide 
was required to obtain the same activity in vitro that was measured with an 

30 identical ribozyme lacking the 5* hairpin. Because the three cis-cleaving 
ribozymes have different requirements at the site of cleavage, slight 
differences were unavoidable at the 3' end of the processed transcript. The 
junction between the trans- and cis-acting ribozyme is, however, designed 
so that there is minimal extraneous sequence left at the 3' end of the trans- 

35 cleaving ribozyme once cis-cleavage occurs. The only differences 
between the constructs lie in the 3' binding arm of the ribozyme, where 
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either 6 or 7 nucleotides, 5-ACUCCA(+/-G)-3\ complementary to the target 
sequence are present and where, after processing, two to five extra 
nucleotides remain. 

The cis-cleaving hammerhead ribozyme used in the HH cassette is 
5 based on the design of Grosshans and Cech, 1991 supra . As shown in 
Figure 23, the 3' binding arm of the trans-acting ribozyme is included in the 
required base-pairing interactions of the cis-cleaving ribozyme to form stem 
I. Two extra nucleotides, UC, were included at the end of the 3* binding 
arm to form the self-processing hammerhead ribozyme site (Ruffner et aL, 
10 1990 supra) which remain on the 3' end of the trans-acting ribozyme 
following self-processing. 

The hairpin ribozyme portion of the HP self-processing construct is 
based on the minimal wild-type sequence (Hampel & Tritz, 1989 supra) . A 
tetra-loop at the end of helix 1 (3' side of the cleavage site) serves to link 

1 5 the two portions and thus allows a minimal five nucleotides to remain at the 
end of the released trans-acting ribozyme following self-processing. Two 
variants of HP were designed: HP(GU) and HP(GC). The HP(GU) was 
constructed with a GU wobble base pair in helix 2 (A52G substitution; 
Figure 24). This slight destabilization of helix 2 was intended to improve 

20 self-processing activity by promoting product release and preventing the 
reverse reaction (Berzal-Herranz et al., 1992 Genes & Dev. 6, 129; 
Chowrira et al., 1993 Biochemistry 32, 1088). The HP(GC) cassette was 
constructed as a control for strong base-pairing interactions in helix 2 
(U77C and A52G substitution; Figure 24) . Another modification to 

25 discourage the reverse ligation reaction of the hairpin ribozyme was to 
shorten helix 1 (Figure 24) by one base pair relative to the wild-type 
sequence (Chowrira & Burke, 1991 Biochemistry 30, 8518). 

The HDV ribozyme self-processes efficiently when the nucleotide 5' to 
the cleavage site is a pyrimidine, and somewhat less so when adenosine is 

30 in that position. No other sequence requirements have been identified 
upstream of the cleavage site, however, we have observed some decrease 
in activity when a stem-loop structure was present within 2 nt of the 
cleavage site. The HDV self-processing construct (Fig 25) was designed to 
generate the trans-acting hammerhead ribozyme with only two additional 

35 nucleotides at its 3* end after self-processing. The HDV sequence used 
here is based on the anti-genomic sequence (Perrota & Been, 1992 supra) 
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but includes the modifications of Been et al., 1992 ( Biochemistry 31, 
11843) in which cis-cleavage activity of the ribozyme was improved by the 
substitution of a shortened helix 4 for a wild-type stem-loop (Figure 25) . 

To prepare DNA inserts that encode self-processing ribozyme 
5 cassettes, partially overlapping top- and bottom-strand oligonucleotides 
(60-90 nucleotides) were designed to include sequences for the T7 
promoter, the trans-acting ribozyme, the cis-cleaving ribozyme and 
appropriate restriction sites for use in cloning (see Fia. 26 ). The single- 
strand portions of annealed oligonucleotides were converted to double- 
10 strands using Sequenase® (U.S. Biochemicals). Insert DNA was ligated 
into EcoRT/H/ndlll-digested puc18 and transformed into E. coli strain DH5cc 
using standard protocols (Maniatis et al., 1982 in Molecular Cloning Cold 
Spring Harbor Press). The identity of positive clones was confirmed by 
sequencing small-scale plasmid preparations. 

15 Larger scale preparations of plasmid DNA for use as in vitro 

transcription templates and in transactions were prepared using the 
protocol and columns from QIAGEN Inc. (Studio City, CA) except that an 
additional ethanol precipitation was included as the final step. 

Example 22: RNA Processing in vitro 

20 Transcription reactions containing linear plasmid templates were 

carried out essentially as described (Milligan & Uhlenbeck, 1989 Supra : 
Chowrira & Burke, 1991 Supra) . In order to prepare 5* end-labeled 
transcripts, standard transcription reactions were carried out In the 
presence of 10-20 jiCi [y- 32 P]GTP, 200 each NTP and 0.5 to 1 |xg of 

25 linearized plasmid template. The concentration of MgCl2 was maintained 
at 10 mM above the total nucleotide concentration. 

To compare the ability of the different ribozyme cassettes to self- 
process in vitro, each construct was transcribed and allowed to undergo 
self-processing under identical conditions at 37°C. For these comparisons, 

30 equal amounts of linearized DNA templates bearing the various ribozyme 
cassettes were transcribed in the presence of [y- 32 P]GTP to generate 5' 
end-labeled transcripts. In this manner only the full-length, unprocessed 
transcripts and the released trans-ribozymes are visualized by 
autoradiography. In all reactions, Mg2+ was included at 10 mM above the 

35 nucleotide concentration so that cleavage by alt the ribozyme cassettes 
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would be supported. Transcription templates were linearized at several 
positions by digestion with different restriction enzymes so that self- 
processing in the presence of increasing lengths of downstream sequence 
could be compared (see Fig. 26) . The resulting transcripts have either 4-5 
5 non-ribozyme nucleotides at the 3' end (H/ndlll-digested template), 220 
nucleotides (A/del digested templates) or 454 nucleotides of downstream 
sequence (Real digested template). 

As shown in Roure 27. al! four ribozyme cassettes are capable of self- 
processing and yield RNA products of expected sizes. Two nucleotides 

10 essential for hammerhead ribozyme activity (Ruffner et al., 1990 supra) 
have been changed in the HH(mutant) core sequence (see Figure 23) and 
so this transcript is unable to undergo self-processing (Fig. 27) . This is 
evidenced by the lack of a released 5' RNA in the HH(mutant). although the 
full-length RNAs are present . Comparison of the amounts of released 

1 5 trans-ribozyme (Fig. 27) indicate that there are differences in the ability of 
these ribozymes to self-process in vitro, especially with respect to the 
presence of downstream sequence. For the two HP constructs, it is clear 
that HP(GC) is more efficient than the HP(GU) ribozyme, both in the 
presence and in the absence of extra downstream sequence. In addition, 

20 the activity of HP(GU) fails off more dramatically when downstream 
sequence is present. The stronger G:C base pair likely contributes to the 
HP(GC) constructs ability to fold correctly (and/or more quickly), into the 
productive structure, even when as much as 216 extra nucleotides are 
present downstream. The HH ribozyme construct is also quite efficient at 

25 self-processing, and slightly better than the HP(GU) construct even when 
downstream sequence is present. 

Of the three ribozyme motifs, the presence of extra downstream 
. sequence seems to most affect the efficiency of HDV. When no extra 
sequence is present downstream, HDV is quite efficient and self-processes 
30 to approximately the same level as the HH and HP(GC) cassettes. 
However, when extra downstream sequence is present, the self-processing 
activity seems to decrease almost as dramatically as is seen with the (sub- 
optimal) HP(GU) cassette. 
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Example 23: Kinetics of self-processing reaction 

H/ndlll-digested template (250 ng) was used in a standard 
transcription reaction mixture containing: 50 mM TrisHCI pH 8.3; 1 mM 
ATP, GTP and UTP; 50 |iM CTP; 40 jiCi [a- 32 P]CTP; 12 mM MgCfc; 10 mM 
5 DTT. The transcription/self-processing reaction was initiated by the 
addition of T7 RNA polymerase (15 U/nl). Aliquots 1 of 5 \i\ were taken at 
regular time intervals and the reaction was stopped by adding an equal 
volume of 2x formamide loading buffer (95% formamide, 15 mM EDTA, & 
dyes) and freezing on dry ice. The samples were resolved on a 10% 
10 polyacrylamide sequencing gel and results were quantitated by 
Phosphorlmager (Molecular Dynamics, Sunnyvale, CA). Ribozyme self- 
cleavage rates were determined from non-linear, least-squares fits 
(KaieidaGraph, Synergy Software,Reeding, PA) of the data to the equation: 

(Fraction Uncleaved Transcript) = ^ (1 -e~^) 

15 where t represents time and k represents the unimolecular rate 

constant for cleavage (Long & Uhlenbeck, 1994 Proc. Natl. Acad. Sci. USA 
91,6977). 

Linear templates were prepared by digesting the plasmids with W/ndlll 
so that transcripts will contain only four to five vector-derived nucleotides at 

20 the 3' end ( see Figure 23-25) . By comparison of the unimolecular rate 
constant (k) determined for each construct, it is clear that HH is the most 
efficient at self-processing (Table 44) . The HH transcript self-processes 2- 
fold faster than HDV and 3-fold faster than HP(GC) transcripts. Although 
the HP(GU) RNA undergoes self-processing, h is at least 6-fold slower than 

25 the HP(GC) construct. This is consistent with previous observations that 
the stability of helix 2 is essential for self-processing and trans-cleavage 
activity of the hairpin ribozyme (Hampel et al. t 1990 supra : Chowrira & 
Burke, 1991 supra ). The rate of HH self-cleavage during transcription 
measured here (1.2 min* 1 ) is similar to the rate measured by Long and 

30 Uhlenbeck 1994 supra using a HH that has a different stern I and stem III. 
Self-processing rates during transcription for HP and HDV have not been 
previously reported. However, self-processing of the HDV ribozyme-as 
measured here during transcription-is significantly slower than when 
tested after isolation from a denaturing gel (Been et al. r 1992 supra) . This 

35 decrease likely reflects the difference in protocol as well as the presence of 
5' flanking sequence in the HDV construct used here. 
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Example 24; Effect of downstream sequences on trans-cleavaoe in vitro 

Transcripts containing the trans ribozyme with or without 3' flanking 
sequences were assayed for their ability to cleave their target in trans. To 
this end, transcripts from three templates were resolved on a preparative 
5 gel and bands corresponding both to processed trans-acting ribozymes 
from the HH transcription reaction, and to full-length HH(mutant) and AHDV 
transcripts were isolated. In all three transcripts the trans-acting ribozyme 
portion is identicat-with the exception of sequences at their 3' ends. The 
HH trans-acting ribozyme contains only an additional UC at its 3' end, 
10 while HH(mutant) and AHDV have 52 and 37 nucleotides, respectively, at 
their 3' ends. A 622 nucleotide, internally-labeled target RNA was 
incubated, under ribozyme excess conditions, along with the three 
ribozyme transcripts in a standard reaction buffer. 

To make internally-labeled substrate RNA for trans-ribozyme 
15 cleavage reactions, a 622 nt region (containing hammerhead site P) was 
synthesized by PCR using primers that place the T7 RNA promoter 
upstream of the amplified sequence. Target RNA was transcribed in a 
standard transcription buffer in the presence of {a- 32 P]CTP (Chowrira & 
Burke, 1991 supra) . The reaction mixture was treated with 15 units of 
20 ribonuclease-free DNasel, extracted with phenol followed 
chloroform:isoamyl alcohol (25:1), precipitated with isopropanol and 
washed with 70% ethanol. The dried pellet was resuspended in 20 \l\ 
DEPC-treated water and stored at -20°C. 

Unlabeled ribozyme (1^iM) and internally labeled 622 nt substrate 
25 RNA (<10 nM) were denatured and renatured separately in a standard 
cleavage buffer (containing 50 mM TrisHCI pH 7.5 and 10 mM MgCl2) by 
heating to 90°C for 2 min. and slow cooling to 37°C for 10 min. The 
reaction was initiated by mixing the ribozyme and substrate mixtures and 
incubating at 37°C. Aliquots of 5 \i\ were taken at regular time intervals, 
30 . quenched by adding an equal volume of 2X formamide gel loading buffer 
and frozen on dry ice. The samples were resolved on 5% polyacrylamide 
sequencing gel and results were quantitatively analyzed by radioanalytic 
imaging of gels with a Phosphorlmager® (Molecular Dynamics, Sunnyvale, 
CA). 

35 The HH trans-acting ribozyme cleaves the target RNA approximately 

10-fold faster than the AHDV transcript and greater than 20-fold faster than 
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the HH(mutant) transcript (Figure 28) . The additional nucleotides at the 
end of HH(mutant) form 7 base-pairs with the 3* target-binding arm of the 
trans-acting ribozyme (Figure _23) . This interaction must be disrupted (at a 
cost of 6 kcal/mole) to make the trans-acting ribozyme available for binding 
5 the target sequence. In contrast, the additional nucleotides at the end of 
AHDV were not designed to form any strong, alternative base-pairing with 
the trans-ribozyme. Nevertheless, the AHDV sequences are predicted to 
form multiple structures involving the 3* target-binding arm of the trans 
ribozyme that have stabilities ranging from 1-2 kcal/mole. Thus, the 
1 0 observed reductions in activity for the AHDV and HH(mutant) constructs are 
consistent with the predicted folded structures, and it reinforces the view 
that the flanking sequences can decrease the catalytic efficiency of a 
ribozyme through nonproductive interactions with either the ribozyme or 
the substrate or both. 

15 Example 25: RNA self-processing in vivo 

Since three of the constructs (HH f HDV and HP(GC)) self-process 
efficiently in solution, the affect of the mammalian cellular milieu on 
ribozyme self-processing was next explored by applicant. A transient 
expression system was employed to investigate ribozyme activity in vivo. A 
20 mouse cell line (OST7-1) that constitutively expresses T7 RNA polymerase 
in the cytoplasm was chosen for this study (Elroy-Stein and Moss, 1990 
Proa Natl. Acad. Sci. USA 87, 6743). In these cells plasmids containing a 
ribozyme cassette downstream of the T7 promoter will be transcribed 
efficiently in the cytoplasm (Elroy-Stein & Moss, 1990 supra) . 

25 Monolayers of a mouse L9 fibroblast cell line (OST7-1; Elroy-Stein 

and Moss, 1990 supra) were grown in 6-well plates with - 5x1 0^ cells/well. 
Cells were transfected with circular plasmids (5 ng/well) using the calcium 
' phosphate : DNA precipitation method (Maniatis et aL, 1982 supra) . Cells 
were lysed (4 hours post-transfection) by the addition of standard lysis 

30 buffer (200 uVwell) containing 4M guanadinium isothiocyanate, 25 mM 
sodium citrate (pH 7.0), 0.5% sarkosyl (Chomczynski and Sacchi. 1987 
Anal. Biochem. 162, 156), and 50 mM EDTA pH 8.0. The lysate was 
extracted once with water-saturated phenol followed by one extraction with 
chlorofomv.isoamyl alcohol (25:1). Total cellular RNA was precipitated with 

35 an equal volume of isopropanol. The RNA pellet was resuspended in 0.2 
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M ammonium acetate and reprecipitated with ethanol. The pellet was then 
washed with 70% ethanol and resuspended in DEPC-treated water. 

Purified cellular RNA (3 ng/reaction) was first denatured in the 
presence of a 5' end-labeled DNA primer (100 pmol) by heating to 90°C for 
5 2 min. in the absence of Mg 2+ , and then snap-cooling on ice for at least 15 
min. This protocol allows lor efficient annealing of the primer to its 
complementary RNA sequence. The primer was extended using 
Superscript II reverse transcriptase (8 U/jxl; BRL) in a buffer containing 50 
mM TrisHCI pH 8.3; 10 mM DTT; 75 mM KCI; 1 mM MgCfc; 1 mM each 

10 dNTP. The extension reaction was carried out at 42°C for 10 min. The 
reaction was terminated by adding an equal volume of 2x formamide gel 
loading buffer and freezing on crushed dry ice. The samples were 
resolved on a 10% potyacrylamide sequencing gel. The primer sequences 
are as follows: HH primer, 5'-CTCCAGTTTCGAGCTTT-3'; HDV primer, 5- 

15 AAGTAGCCCAGGTCGGACC-3'; HP primer, 5'- 
ACCAGGTAATATACCACAAC-3'. 

As shown in Figure 29, specific bands corresponding to full-length 
precursor RNA and 3' cleavage products were detected from cells 
transfected with the self-processing cassettes. All three constructs, in 
20 addition to being transcriptionally active, appear to self-process efficiently 
in the cytoplasm of OST7-1 cells. In particular, the HH and HP(GC) 
constructs self-process to greater than 95%. The overall extent of self- 
processing in OST7-1 cells appears to be strikingly similar to the extent of 
self-processing in vitro (Figure 29 "In Vitro +MgCl2" vs. "Cellular"). 

25 Consistent with the in vitro self-processing results, the HP(GU) 

cassette self-processed to approximately 50% in OST7-1 cells. As 
expected, transfection with plasmids containing the HH(mutant) cassette 
yielded a primer-extension product corresponding to the full-length RNA 
with no detectable cleavage products ( Figure 29) . The latter result strongly 

30 suggests that the primer extension band corresponding to the 3' cleavage 
product is not an artifact of reverse transcription. 

Applicant was concerned with the possibility that RNA self-processing 
might occur during cell lysis, RNA isolation and /or the primer extension 
assay. Two precautions were taken to exclude this possibility. First. 50 mM 
35 EDTA was included in the lysis buffer. EDTA is a strong chelator of divalent 
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metal ions such as Mg 2+ and Ca 2 + that are necessary for ribozyme 
activity. Divalent metal ions are therefore unavailable to self-processing 
RNAs following cell lysis. A second precaution involved using primers in 
the primer-extension assay that were designed to hybridize to essential 
5 regions of the processing ribozyme. Binding of these primers should 
prevent the 3' cis-acting ribozymes from folding into the conformation 
essential for catalytic activity. 

Two experiments were carried out to further eliminate the possibility 
that self-processing is occurring either during RNA preparations or during 

10 the primer extension analysis. The first experiment involves primer 
extension analysis on full-length precursor RNAs that were added to non- 
transfected OST7-1 lysates after cell lysis. Thus, only rf self-processing is 
occurring at some point after lysis would cleavage products be detected. 
Full-length precursor RNAs were prepared by transcribing under conditions 

15 of low Mg 2+ (5 mM) and high NTP concentration (total 12 mM) in an 
attempt to eliminate the free Mg 2+ required for the self-processing reaction 
(Michel et al. 1992 Genes & Dev. 6, 1373). The full-length precursor RNAs 
were gel-purified, and a known amount was added to lysates of non- 
transfected OST7-1 cells. RNA was purified from these lysates and 

20 incubated for 1 hr in DEPC-treated water at 37° C prior to the standard 
primer extension analysis ( Figure 29. in vitro *-MgCl2" control). The 
predominant RNA detected in all cases corresponds to the primer 
extension product of full-length precursor RNAs. If, instead, the purified 
RNA containing the full-length precursor is incubated in 10 mM MgCl2 prior 

25 to the primer extension analysis, most or all of the RNA detected by primer 
extension analysis undergoes cleavage (Figure 29. in vitro "+MgCl2" 
control). These results indicate that the standard RNA isolation and primer 
extension protocols used here do not provide a favorable environment for 
RNA self-processing, even though the RNA in question is inherently able to 

30 undergo self-cleavage. 

In a second experiment to demonstrate lack of self-processing during 
work up, internally-labeled precursor RNAs were prepared and added to 
non-transfected OST7-1 lysates as in the previous control. The internally- 
labeled precursor RNAs were carried through the RNA purification and 
35 primer extension reactions (in the presence of unlabeled primers) and 
analyzed to determine the extent of setf-processing. By this analysis, the 
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vast majority of the added full-length RNA remained intact during the entire 
process of RNA isolation and primer extension. 

These two control experiments validate the protocols used and 
support applicant's conclusion that the self-processing reactions catalyzed 
5 by HH, HDV and HP(GC) cassettes are occurring in the cytoplasm of 
OST7-1 cells. 

Sequences in figures 23 through 25 are meant to be non-limiting 
examples. Those in the art will recognize that other embodiments can be 
readily generated using techniques generally known in the art. 

1 0 In addition, those in the art will recognize that Applicant provides 

guidance through the above examples as to how to best design vectors of 
this invention so that secondary structure of the mRNA allows efficient 
cleavage by releasing ribozymes. Thus, the specific constructs are not 
limiting in this invention. Such constructs can be readily tested as 

1 5 described above for such secondary structure, either by computer folding 
algorithms or empirically. Such constructs will then allow at least 80% 
completion of release of ribozymes, which can be readily determined as 
described above or by methods known in the art. That is, any such 
secondary structure in the RNA does not reduce release of the ribozymes 

20 by more than 20%. 

IV. Ribozymes Expressed by RNA Polymerase ill 

Applicant has determined that the level of production of a foreign 
RNA, using a RNA polymerase III (pol III), based system, can be significantly 
enhanced by ensuring that the RNA is produced with the 5' terminus and a 
25 3' region of the RNA molecule base-paired together to form a stable 
intramolecular stem structure. This stem structure is formed by hydrogen 
bond interactions (either Watson-Crick or non-Watson-Crick) between 
nucleotides in the 3' region (at least 8 bases) and complementary 
nucleotides in the 5' terminus of the same RNA molecule. 

30 Although the example provided below involves a type 2 pol III gene 

unit, a number of other pol III promoter systems can also be used, for 
example, tRNA (Hall et al., 1982 Ce//29, 3-5), 5S RNA (Nielsen et al., 
1993, Nucleic Acids Res, 21, 3631-3636), adenovirus VA RNA (Fowlkes 
and Shenk, 1980 Ce//22, 405-413), U6 snRNA (Gupta and Reddy, 1990 
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Nucleic Acids Res. 19, 2073-2075), vault RNA (Kickoefer et al., 1993 J. 
BioL Chem. 268, 7868-7873). tetomerase RNA (Romero and Blackburn, 
1991 Cell 67, 343-353), and others. 

The construct described in this invention is able to accumulate RNA to 
5 a significantly higher level than other constructs, even those in which 5' 
and 3' ends are involved in hairpin loops. Using such a construct the level 
of expression of a foreign RNA can be increased to between 20,000 and 
50,000 copies per cell This makes such constructs, and the vectors 
encoding such constructs, excellent for use in decoy, therapeutic editing 
1 0 and antisense protocols as well as for ribozyme formation. In addition, the 
molecules can be used as agonist or antagonist RNAs (affinity RNAs). 
Generally, applicant believes that the intramolecular base-paired 
interaction between the 5' terminus and the 3' region of the RNA should be 
in a double-stranded structure in order to achieve enhanced RNA 
15 accumulation. 

Thus, in one preferred embodiment the invention features a pol (l( 
promoter system (e.g. . a type 2 system) used to synthesize a chimeric RNA 
molecule which includes tRNA sequences and a desired RNA (e.g.. a 
tRNA-based molecule). 

20 The following exemplifies this invention with a type 2 pol III promoter 

and a tRNA gene. Specifically to illustrate the broad invention, the RNA 
molecule in the following example has an A box and a B box of the type 2 
pol III promoter system and has a 5' terminus or region able to base-pair 
with at least 8 bases of a complementary 3' end or region of the same RNA 

25 molecule. This is meant to be a specific example. Those in the art will 
recognize that this is but one example, and other embodiments can be 
readily generated using other pol III promoter systems and techniques 
generally known in the art. 

By "terminus" is meant the terminal bases of an RNA molecule, ending 
30 in a 3' hydroxyl or 5' phosphate or 5' cap moiety. By "region" is meant a 
stretch of bases 5' or 3' from the terminus that are involved in base-paired 
interactions. It need not be adjacent to the end of the RNA. Applicant has 
determined that base pairing of at least one end of the RNA molecule with 
a region not more than about 50 bases, and preferably only 20 bases, from 
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the other end of the molecule provides a useful molecule able to be 
expressed at high levels. 

By "3' region" is meant a stretch of bases 3' from the terminus that are 
involved in intramolecular bas-paired interaction with complementary 
5 nucleotides in the 5' terminus of the same molecule. The 3 1 region can be 
designed to include the 3' terminus. The 3' region therefore is > 0 
nucleotides from the 3* terminus. For example, in the S35 construct 
described in the present invention (Fig. 40) the 3' region is one nucleotide 
from the 3' terminus. In another example, the 3' region is - 43 nt from 3' 
10 terminus. These examples are not meant to be limiting. Those in the art 
will recognize that other embodiments can be readily generated using 
techniques generally known in the art. Generally, it is preferred to have the 
3' region within 100 bases of the 3* terminus. 

By "tRNA molecule" is meant a type 2 pol III driven RNA molecule that 
1 5 is generally derived from any recognized tRNA gene. Those in the art will 
recognize that DNA encoding such molecules is readily available and can 
be modified as desired to alter one or more bases within the DNA encoding 
the RNA molecule and/or the promoter system. Generally, but not always, 
such molecules include an A box and a B box that consist of sequences 
20 which are well known in the art (and examples of which can be found 
throughout the literature). These A and B boxes have a certain consensus 
sequence which is essential for a optimal pol III transcription. 

By 'chimeric tRNA molecule" is meant a RNA molecule that includes a 
pol III promoter (type 2) region. A chimeric tRNA molecule, for example, 

25 might contain an intramolecular base-paired structure between the 3* 
region and complementary 5' terminus of the molecule, and includes a 
foreign RNA sequence at any location within the molecule which does not 
affect the activity of the type 2 pol ill promoter boxes. Thus, such a foreign 
RNA may be provided at the 3* end of the B box, or may be provided in 

30 between the A and the B box, with the B box moved to an appropriate 
location either within the foreign RNA or another location such that it is 
effective to provide pol III transcription. In one example, the RNA molecule 
may include a hammerhead ribozyme with the B box of a type 2 pol III 
promoter provided in stem II of the ribozyme. In a second example, the B 

35 box may be provided in stem IV region of a hairpin ribozyme. A specific 
example of such RNA molecules is provided below. Those in the art will 
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recognize that this is but one example, and other embodiments can be 
readily generated using techniques generally known in the art. 

By "desired RNA" molecule is meant any foreign RNA molecule which 
is useful from a therapeutic, diagnostic, or other viewpoint. Such 
5 molecules include antisense RNA molecules, decoy RNA molecules, 
enzymatic RNA, therapeutic editing RNA and agonist and antagonist RNA. 

By "antisense RNA" is meant a non-enzymatic RNA molecule that 
binds to another RNA (target RNA) by means of RNA- RNA interactions and 
alters the activity of the target RNA (Eguchi et ah, 1991 Annu. Rev, 

10 Biochem. 60, 631-652). By "enzymatic RNA" is meant an RNA molecule 
with enzymatic activity (Cech, 1988 J American. Med. Assoc. 260, 3030- 
3035). Enzymatic nucleic acids (ribozymes) act by first binding to a target 
RNA. Such binding occurs through the target binding portion of a 
enzymatic nucleic acid which is held in close proximity to an enzymatic 

15 portion of the molecule that acts to cleave the target RNA. Thus, the 
enzymatic nucleic acid first recognizes and then binds a target RNA 
through base-pairing, and once bound to the correct site, acts 
enzymatically to cut the target RNA. 

By "decoy RNA" is meant an RNA molecule that mimics the natural 
20 binding domain for a ligand. The decoy RNA therefore competes with 
natural binding target for the binding of a specific ligand. For example, it 
has been shown that over-expression of HIV trans-activation response 
(TAR) RNA can act as a "decoy" and efficiently binds HIV tat protein, 
thereby preventing It from binding to TAR sequences encoded in the HIV 
25 RNA (Sulienger et al., 1990 Cell 63, 601-608). This Is meant to be a 
specific example. Those in the art will recognize that this is but one 
example, and other embodiments can be readily generated using 
techniques generally known in the art. 

By "therapeutic editing RNA" is meant an antisense RNA that can bind 
30 to its cellular target (RNA or DNA) and mediate the modification of a 
specific base. 

By "agonist RNA" is meant an RNA molecule that can bind to protein 
receptors with high affinity and cause the stimulation of specific cellular 
pathways. 
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By "antagonist RNA" is meant an RNA molecule that can bind to 
cellular proteins and prevent it from performing its normal biological 
function (for example, see Tsai et at., 1992 Proc. Natl Acad. Set. USA 89, 
8864-8868). 

5 In other aspects, the invention includes vectors encoding RNA 

molecules as described above, cells including such vectors, methods for 
producing the desired RNA, and use of the vectors and cells to produce this 
RNA. 

Thus, the invention features a transcribed non-naturally occuring RNA 
10 molecule which includes a desired therapeutic RNA portion and an 
intramolecular stem formed by base-pairing interactions between a 3' 
region and complementary nucleotides at the 5' terminus in the RNA. The 
stem preferably includes at least 8 base pairs, but may have more, for 
example, 15 or 16 base pairs. 

15 In preferred embodiments, the 5' terminus of the chimeric tRNA 

includes a portion of the precursor molecule of the primary tRNA molecule, 
of which £ 8 nucleotides are involved in base-pairing interaction with the 3' 
region; the chimeric tRNA contains A and B boxes; natural sequences 3' of 
the B box are deleted, which prevents endogenous RNA processing; the 

20 desired RNA molecule is at the 3* end of the B box; the desired RNA 
molecule is between the A and the B box; the desired RNA molecule 
includes the B box; the desired RNA molecule is selected from the group 
consisting of antisense RNA, decoy RNA, therapeutic editing RNA, 
enzymatic RNA, agonist RNA and antagonist RNA; the molecule has an 

25 intramolecular stem resulting from a base-paired interaction between the 5' 
terminus of the RNA and a complementary 3' region within the same RNA, 
and includes at least 8 bases; and the 5' terminus is able to base pair with 
at least 15 bases of the 3* region. 

In most preferred embodiments, the molecule is transcribed by a RNA 
30 polymerase III based promoter system, e.g., a type 2 pol III promoter 
system; the molecule is a chimeric tRNA, and may have the A and B boxes 
of a type 2 pol HI promoter separated by between 0 and 300 bases; DNA 
vector encoding the RNA molecule of claim 51. 
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In other related aspects, the invention features an RNA or DNA vector 
encoding the above RNA molecule, with the portions of the vector encoding 
the RNA functioning as a RNA pol II! promoter; or a cell containing the 
vector ; or a method to provide a desired RNA molecule in a cell, by 
5 introducing the molecule into a cell with an RNA molecule as described 
above. The cells can be derived from animals, plants or human beings. 

In order for RNA-based gene therapy approaches to be effective, 
sufficient amounts of the therapeutic RNA must accumulate in the 
appropriate intracellular compartment of the treated cells. Accumulation is 

10 a function of both promoter strength of the antiviral gene, and the 
intracellular stability of the antiviral RNA. Both RNA polymerase II (pol II) 
and RNA polymerase 111 (pol III) based expression systems have been used 
to produce therapeutic RNAs in cells (Sarver & Rossi, 1993 AIDS Res. & 
Human Retroviruses 9, 483-487; Yu et al., 1993 P.A/.AS.(USA) 90, 6340- 

15 6344). However, pol III based expression cassettes are theoretically more 
attractive for use in expressing antiviral RNAs for the following reasons. 
Pol If produces messenger RNAs located exclusively in the cytoplasm, 
whereas pol 111 produces functional RNAs found in both the nucleus and the 
cytoplasm. Pol II promoters tend to be more tissue restricted, whereas pol 

20 III genes encode tRNAs and other functional RNAs necessary for basic 
"housekeeping" functions in all cell types. Therefore, pol III promoters are 
likely to be expressed in all tissue types. Finally, pol 111 transcripts from a 
given gene accumulate to much greater levels in cells relative to pol II 
genes. 

25 Intracellular accumulation of therapeutic RNAs is also dependent on 

the method of gene transfer used. For example, the retroviral vectors 
presently used to accomplish stable gene transfer, integrate randomly into 
the genome of target cells. This random integration leads to varied 
expression of the transferred gene in individual cells comprising the bulk 

30 treated cell population. Therefore, for maximum effectiveness, the 
transferred gene must have the capacity to express therapeutic amounts of 
the antiviral RNA in th§ entire treated cell population, regardless of the 
integration site. 
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The following is just one non-limiting example of the invention. A pol 
III based genetic element derived from a human tRNAj me * gene and 
termed A3-5 (Fig. 33 : AdeniykJones et al. a 1984 supra), has been adapted 
5 to express antiviral RNAs (Sullenger et al. a 1990 Mol. Cell. Biol. 10, 6512- 
6523). This element was inserted into the DC retroviral vector (Sullenger 
et al. a 1990 Mol. Cell. Biol. 10, 6512-6523) to accomplish stable gene 
transfer, and used to express antisense RNAs against moloney murine 
leukemia virus and anti-HIV decoy RNAs (Sullenger et al. f 1990 Mol. Cell. 

10 Biol. 10, 6512-6523; Sullenger et al. a 1990 Cell 63, 601-608; Sullenger et 
a!., 1991 J. Virol. 65, 6811-6816; Lee et al., 1992 The New Biologist 4, 66- 
74). Clonal lines are expanded from individual cells present in the bulk 
population, and therefore express similar amounts of the therapeutic RNA 
in all cells. Development of a vector system that generates therapeutic 

1 5 levels of therapeutic RNA in all treated cells would represent a significant 
advancement in RNA based gene therapy modalities. 

Applicant examined hammerhead (HHI) ribozyme (RNA with 
enzymatic activity) expression in human T cell lines using the A3-5 vector 
system (These constructs are termed "A3-5/HHr; Fig. 34) . On average, 

20 ribozymes were found to accumulate to less than 100 copies per cell in the 
bulk T cell populations. In an attempt to improve expression levels of the 
A3-5 chimera, the applicant made a series of modified A3-5 gene units 
containing enhanced promoter elements to increase transcription rates, 
and inserted structural elements to improve the intracellular stability of the 

25 ribozyme transcripts (Fig. 34). One of these modified gene units, termed 
S35, gave rise to more than a 100-fold increase in ribozyme accumulation 
in bulk T cell populations relative to the original A3-5/HH! vector system. 
Ribozyme accumulation in individual clonal lines from the pooled T cell 
populations ranged from 10 to greater than 100 fold more than those 

30 achieved with the original A3-5/HHI version of this vector. 

The S35 gene unit may be used to express other therapeutic RNAs 
including, but not limited to, ribozymes, antisense, decoy, therapeutic 
editing, agonist and antagonist RNAs. Application of the S35 gene unit 
would not be limited to antiviral therapies, but also to other diseases, such 
35 as cancer, in which therapeutic RNAs may be effective. The S35 gene unit 
may be used in the context of other vector systems besides retroviral 
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vectors, including but not limited to, other stable gene transfer systems 
such as adeno-associated virus (AAV; Carter, 1 992 Curr. Opin. Genet. Dev. 
3, 74), as well as transient vector systems such as plasmid delivery and 
adenoviral vectors (Berkner, 1988 BioTechniques 6, 616-629). 

5 As described below, the S35 vector encodes a truncated version of a 

tRNA wherein the 3* region of the RNA is base-paired to. complementary 
nucleotides at the 5' terminus, which includes the 5* precursor portion that 
is normally processed off during tRNA maturation. Without being bound by 
any theory, Applicant believes this feature is important in the level of 
1 0 expression observed. Thus, those in the art can now design equivalent 
RNA molecules with such high expression levels. Below are provided 
examples of the methodology by which such vectors and tRNA molecules 
can be made. 

A3-5 Vectors 

1 5 The use of a truncated human tRNAi met gene, termed A3-5 (Fig. 33: 

Adeniyi-Jones et al., 1984 supra), to drive expression of antisense RNAs, 
and subsequently decoy RNAs (Sullenger et al., 1990 supra) has recently 
been reported. Because tRNA genes utilize internal pol ill promoters, the 
antisense and decoy RNA sequences were expressed as chimeras 

20 containing tRNAj m ^ sequences. The truncated tRNA genes were placed 
into the U3 region of the 3* motoney murine leukemia virus vector LTR 
(Sullenger et al., 1990 supra). 

Base-Paired Structures 

Since the A3-5 vector combination has been successfully used to 
25 express inhibitory levels of both antisense and decoy RNAs, applicant 
cloned ribozyme-encoding sequences (termed as *A3-5/HHr) into this 
vector to explore its utility for expressing therapeutic ribozymes. However, 
low ribozyme accumulation in human T cell lines stably transduced with 
this vector was observed (Fig. 35) . To try and improve accumulation of the 
30 ribozyme, applicant incorporated various RNA structural elements ( Fig. 34) 
into one of the ribozyme chimeras (A3-5/HHI). . 

Two strategies were used to try and protect the termini of the chimeric 
transcripts from exonucleolytic degredation. One strategy involved the 
incorporation of stem-loop structures into the termini of the transcript. Two 
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such constructs were cloned, S3 which contains a stem-loop structure at 
the 3' end, and S5 which contains stem-loop structures at both ends of the 
transcript {Figure 34) . The second strategy involved modification of the 3* 
terminal sequences such that the 5' terminus and the 3' end sequences 
5 can form a stable base-paired stem. Two such constructs were made: S35 
in which the 3* end was altered to hybridize to the 5' leader and acceptor 
stem of the tRNAj met domain, and S35Pius which was identical to S35 but 
included more extensive structure formation within the non-ribozyme 
portion of the A3-5 chimeras (Figure 34) . These stem-loop structures are 

1 0 also intended to sequester non-ribozyme sequences in structures that will 
prevent them from interfering with the catalytic activity of the ribozyme. 
These constructs were cloned, producer cell lines were generated, and 
stably-transduced human MT2 (Harada et a!., 1985 supra) and CEM (Nara 
& Rschinger, 1988 supra) cell lines were established (Curr. Protocols Mol. 

15 Biol 1992, ed. Ausubel et al., Wiley & Sons, NY). The RNA sequences and 
structure of S35 and S35 Plus are provided in Figures 40-47 . 

Referring to Figure 48. there is provided a general structure for a 
chimeric RNA molecule of this invention. Each N independently represents 
none or a number of bases which may or may not be base paired. The A 

20 and B boxes are optional and can be any known A or B box, or a 
consensus sequence as exemplified in the figure. The desired nucleic acid 
to be expressed can be any location in the molecule, but preferably is on 
those places shown adjacent to or between the A and B boxes (designated 
by arrows). Figure 49 shows one example of such a structure in which a 

25 desired RNA is provided 3' of the intramolecular stem. A specific example 
of such a construct is provided in Figures 50 and 51 . 

Example 26: Cloning of A3-5-Ribozvme Chimera 

Oligonucleotides encoding the S35 insert that overlap by at least 15 
nucleotides were designed (5' GATCCACTCTGCTGTTCTGTTTTTGA 3' 
30 and 5' CGCGTCAAAAACAGAACAGCAGAGTG 3'). The oligonucleotides 
(10 jiM each) were denatured by boiling for 5 min in a buffer containing 40 
mM Tris.HCI, pH8.0. The oligonucleotides were allowed to anneal by snap 
cooling on ice for 10-15 min. 

The annealed oligonucleotide mixture was converted into a double- 
35 stranded molecule using Sequenase® enzyme (US Biochemicals) in a 
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buffer containing 40 mM Tris.HCI, pH7.5 f 20 mM MgCl2, 50 mM NaCI, 0.5 
mM each of the four deoxy ribonucleotide triphosphates, 10 mM DTT. The 
reaction was allowed to proceed at 37°C for 30 min. The reaction was 
stopped by heating to 70°C for 15 min. 

5 The double stranded DNA was digested with appropriate restriction 

endonucleases (BamH\ and Midi) to generate ends that were suitable for 
cloning into the A3-5 vector. 

The double-stranded insert DNA was ligated to the A3-5 vector DNA 
by incubating at room temperature (about 20°C) for 60 min in a buffer 
10 containing 66 mM Tris.HCI, pH 7.6, 6.6 mM MgCl2, 10 mM DTT, 0.066 jiM 
ATP and 0.111/^1 T4 DNA Ligase (US Biochemicals). 

Competent E. coti bacterial strain was transformed with the 
recombinant vector DNA by mixing the cells and DNA on ice for 60 min. 
The mixture was heat-shocked by heating to 37°C for 1 min. The reaction 
1 5 mixture was diluted with LB media and the cells were allowed to recover for 
60 min at 37°C. The cells were plated on LB agar plates and incubated at 
37°C for - 18 h. 

Plasmid DNA was isolated from an overnight culture of recombinant 
clones using standard protocols (Ausubel et al., Cum Protocols Mol. 
20 Biology 1 990. Wiley & Sons, NY). 

The identity of the clones were determined by sequencing the plasmid 
DNA using the Sequenase® DNA sequencing kit (US Biochemicals). 

The resulting recombinant A3-5 vector contains the S35 sequence. 
The HHI encoding DNA was cloned into this A3-5-S35 containing vector 
25 using Sadl and BamHi restriction sites. 

Exa mple 27: Nort her n analy sis 

RNA from the transduced MT2 cells were extracted and the presence 
of A3-5/ribozyme chimeric transcripts were assayed by Northern analysis 
(Curr. Protocols Mol. Biol 1992, ed. Ausubel et al, Wiley & Sons, NY). 
30 Northern analysis of RNA extracted from MT2 transductants showed that 
A3-5/ribozyme chimeras of appropriate sizes were expressed (Fig. 35.36) . 
In addition, these results demonstrated the relative differences in 
accumulation among the different constructs (Figure 35.36) . The pattern of 
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expression seen from the A3-5/HH1 ribozyme chimera was similar to 12 
other ribozymos cloned into the A3-5 vector (not shown). In MT-2 cell line, 
A3-5/HHI ribozyme chimeras accumulated, on average, to less than 100 
copies per cell. 

5 Addition of a stem-loop onto the 3' end of A3-5/HHI did not lead to 

increased A3-5 levels (S3 in Fig. 35.36) . The S5 construct containing both 
5' and 3' stem-loop structures also did not lead to increased ribozyme 
levels (Fig. 35.36 ). 

Interestingly, the S35 construct expression in MT2 cells was about 
10 100-fold more abundant relative to the original A3-5/HHI vector transcripts 
( Fig. 35,36) . This may be due to increased stability of the S35 transcript. 

Example 28: Cleavage activity 

To assay whether ribozymes transcribed in the transduced cells 
contained cleavage activity, total RNA extracted from the transduced MT2 T 

15 cells were incubated with a labeled substrate containing the HHI cleavage 
site (Figure 37) . Ribozyme activity in all but the S35 constructs, was too 
low to detect. However, ribozyme activity was detectable in S35- 
transduced T cell RNA. Comparison of the activity observed in the S35- 
transduced MT2 RNA with that seen with MT2 RNA in which varying 

20 amounts of in vitro transcribed S5 ribozyme chimeras, indicated that 
between 1-3 nM of S35 ribozyme was present in S35-transduced MT2 
RNA. This level of activity corresponds to an intracellular concentration of 
5,000-15,000 ribozyme molecules per cell. 

Example 29: Clonal variation 

25 Variation in the ribozyme expression levels among cells making up 

the bulk population was determined by generating several clonal cell lines 
from the bulk S35 transduced CEM line (Cum Protocols Mot. BioL 1992, 
ed. Ausubel et al. t Wiley & Sons, NY) and the ribozyme expression and 
activity levels in the individual clones were measured ( Rgure 38 and 39) . 

30 All the individual clones were found to express active ribozyme. The 
ribozyme activity detected from each clone correlated well with the relative 
amounts of ribozyme observed by Northern analysis. Steady state 
ribozyme levels among the clones ranged from approximately 1,000 
molecules per cell in clone G to 1 1 ,000 molecules per cell in clone H (Fig. 
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38) . The mean accumulation among the clones, calculated by averaging 
the ribozyme levels of the clones, exactly equaled the level measured in 
the parent bulk population. This suggests that the individual clones are 
representative of the variation present in the bulk population. 

5 The fact that all 14 clones were found to express ribozyme indicate 

that the percentage of cells in the bulk population expressing ribozyme is 
also very high. In addition, the lowest level of expression in the clones was 
still more than 10-fold that seen in bulk cells transduced with the original 
A3-5 vector. Therefore, the S35 gene unit should be much more effective 
10 in a gene therapy setting in which bulk cells are removed, transduced and 
then reintroduced back into a patient. 

Example 30: Stability 

Finally, the bulk S35-transduced line, resistant to G418, was 
propogated for a period of 3 months (in the absence of G418) to determine 

1 5 if ribozyme expression was stable over extended periods of time. This 
situation mimlcks that found in the clinic in which bulk cells are transduced 
and then reintroduced into the patient and allowed to propogate. There 
was a modest 30% reduction of ribozyme expression after 3 months. This 
difference probably arose from cells with varying amount of ribozyme 

20 expression and exhibiting different growth rates in the culture becoming 
slightly more prevalent in the culture. However, ribozyme expression is 
apparently stable for at least this period of time. 

Example 31: Design and construction of TRZ-tRNA Chimera 

A transcription unit, termed TRZ, is designed that contains the S35 
25 motif (Figure 52) . A desired RNA (e.g. ribozyme) can be inserted into the 
indicated region of TRZ tRNA chimera. This construct might provide 
additional stability to the desired RNA. TRZ-A and TRZ-B are non-limiting 
examples of the TRZ-tRNA chimera. 

Referring to Fig. 53-54 . a hammerhead ribozyme targeted to site I 
30 (HHITRZ-A; Fig, 53 ) and a hairpin ribozyme (HPITRZ-A; Fig. 54), also 
targeted to site I, is cloned individually into the indicated region of TRZ 
tRNA chimera. The resulting ribozyme trancripts retain full RNA cleavage 
activity (see for example Eg. 55 J. Applicant has shown that efficient 
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expression of these TRZ tRNA chimera can be achieved in mammalian 
cells. 

Besides ribozymes, desired RNAs like antisense, therapeutic editing 
RNAs, decoys, can be readily inserted into the indicated region of TRZ- 
5 tRNA chimera to achieve therapeutic levels of RNA expression in 
mammalian cells. 

Sequences listed in Figures 40-47 and 50 - 54 are meant to be non- 
limiting examples. Those skilled in the art will recognize that variants 
(mutations, insertions and deletions) of the above examples can be readily 
1 0 generated using techniques known in the art, are within the scope of the 
present invention. 

Example 32: Ribozyme expression in T cell lines 

Ribozyme expression in T cell lines stably-transduced with either a 
retroviral-based or an Adeno-associated virus (AAV)-based ribozyme 

1 5 expression vector (Figure 56). The human T cell lines MT2 and CEM were 
transduced with either retroviral or AAV vectors encoding a neomycin 
slelctable marker and a ribozyme (S35/HHI) expressed from pol III metj 
tRNA-driven promoter. Cells stably-transduced with the vectors were 
selectivelyt expanded medium containing the neomycin antibiotic 

20 derivative, G418 (0.7 mg/ml). Ribozyme expression in the stable cell lines 
was then alalyzed by Northern analysis. The probe used to detect 
ribozyme transcripts also cross-hybridized with human metj tRNA 
sequences. Refering to Figure 56, S35/HHI RNA accumulates to significant 
levels in MT2 and CEM cells when transduced with either the retrovirus or 

25 the AAV vector. 

These are meant to be non-limiting examples, those skilled in the art 
will recognize that other vectors such as adenovirus vector (Figure 57), 
plasmid DNA vector, alpha virus vectors and the other derivatives there of, 
can be readily generated to deliver the desired RNA, using techniques 
30 known in the art and are within the scope of this invention. Additionally, the 
transcription units can be expressed individually or in multiples using pol II 
and/or pol III promoters. 

References cited herein, as well as Draper WO 93/23569, 94/02495, 
94/06331, Sullenger WO 93/12657, Thompson WO 93/04573, and Sullivan 
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WO 94/04609, and 93/11253 describe methods for use of vectors decribed 
herein, and are incorporated by reference herein. In particular these 
vectors are useful for administration of antisense and decoy RNA 
molecules. 

5 Example 33: Ligated Ribozymes are catalyticallv active 

The ability of ribozymes generated by ligation methods, described in 
Draper et al., PCT WO 93/23569, to cleave target RNA was tested on either 
matched substrate RNA (Rq. 58) or long (622 nt) RNA (Fig. 59. 60 and 61) .. 

Matched substrate RNAs were chemically synthesized using solid- 

10 phase RNA synthesis chemistry (Scaringe et al., 1990 Nucleic Acids Res. 
18, 5433-5441). Substrate RNA was 5' end-labeled using [y- 32 P] ATP and 
polynucleotide kinase (Curr. Protocols Mol. Biol. 1992, ed. Ausubel et al., 
Wiley & Sons, NY). Ribozyme reactions were carried out under ribozyme 
excess conditions (kcat'KM; Herschlag and Cech, 1990 Biochemistry 29, 

15 10159-10171). Briefly, ribozyme and substrate RNA were denatured and 
renatured separately by heating to 90°C and snap cooling on ice for 10 min 
in a buffer containing 50 mM Tris. HCI pH 7.5 and 10 mM MgCl2- 
Cleavage reaction was initiated by mixing the ribozyme with the substrate 
at 37°C, Aliquots of 5 \l\ were taken at regular intervals of time and the 

20 reaction was stopped by mixing with equal volume of formamide gel 
loading buffer ( Curr. Protocols Mol. Biol. 1992 t ed. Ausubel et al., Wiley & 
Sons, NY). The samples were resolved on 20 % polyacrylamide-urea gel. 
Refering to Fig. 58 . -AG refers to the free energy of binding calculated for 
base-paired interactions between the ribozyme and the substrate RNA 

25 (Turner and Sugimoto, 1988 Supra). RPI A is a HH ribozyme with 6/6 
binding arms. This ribozyme was synthesized chemically either as a one 
piece ribozyme or was synthesized in two fragments followed by ligation to 
generate a one piece ribozyme. The kcat/KM values for the two ribozymes 
were comparable. 

30 A template containing T7 RNA polymerase promoter upstream of 622 

nt long target sequence, was PCR amplified from a DNA clone. The target 
RNA (containing HH ribozyme cleavage sites B, C and D) was transcribed 
from this PCR amplified template using T7 RNA polymerase. The transcript 
was internally labeled during transcription by including [a-32p] QTP as one 

35 of the four ribonucleotide triphosphates. The transcription mixture was 
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treated with DNase-1 , following transcription at 37°C for 2 hours, to digest 
away the DNA template used in the transcription. RNA was precipitated 
with Isopropanol and the pellet was washed two times with 70% ethanol to 
get rid of salt and nucleotides used in the transcription reaction. RNA is 
5 resuspended in DEPC-treated water and stored at 4°C. Ribozyme 
cleavage reactions were carried out under ribozyme excess (kcatfKM) 
conditions [Herschlag and Cech 1990 supra] . Briefly, 1000 nM ribozyme 
and 10 nM internally labeled target RNA were denatured separately by 
heating to 90°C for 2 min in the presence of 50 mM Tris.HCI, pH 7.5 and 10 
10 mM MgCl2. The RNAs were renatured by cooling to 37°C for 10-20 min. 
Cleavage reaction was initiated by mixing the ribozyme and target RNA at 
37°C. Aliquots of 5 \i\ were taken at regular intervals of time and the 
reaction was quenched by adding equal volume of stop buffer. The 
samples were resolved on a sequencing gel. 

15 Example 34: Hammerhead ribozymes with > 2 base-paired stem II am 
catalytically active 

To decrease the cost of chemical synthesis of RNA, applicant was 
interested in determining whether the length of stem II region of a typical 
hammerhead ribozyme (> 4 bp stem II) can be shortened without 
20 decreasing the catalytic efficiency of the HH ribozyme. The length of stem II 
was systematically shortened by one base-pair at a time. HH ribozymes 
with three and two base-paired stem II were chemically synthesized using 
solid-phase RNA phosphoramidite chemistry (Scaringe et al. f 1990 supra) . 

Matched and long substrate RNAs were synthesized and ribozyme 
25 assays were carried out as described in example 33. Referring to figures , 
g2, 63 and 6 4, data shows that shortening stem (I of a hammerhead 
ribozyme does not significantly alter the catalytic efficiency. It is applicant's 
opinion that hammerhead ribozymes with > 2 base-paired stem II region 
are catalytically active. 

30 Example 35: Synthesis of catalytically active hairpin ribo?y mfi.<s 

RNA molecules were chemically synthesized having the nucleotide 
base sequence shown in Fig. 65 for both the 5' and 3' fragments. The 3' 
fragments are phosphorylated and ligated to the 5' fragment essentially as 
described in example 37. As is evident from the Figure 65 . the 3' and 5' 
35 fragments can hybridize together at helix 4 and are covalently linked via 
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GAAA sequence. When this structure hybridizes to a substrate, a 
ribozyme-substrate complex structure is formed. While helix 4 is shown as 
3 base pairs it may be formed with only 1 or 2 base pairs. 

40 nM mixtures of ligated ribozymes were incubated with 1-5 nM 5* 
5 end-labeled matched substrates (chemically synthesized by solid-phase 
synthesis using RNA phosphoramidite chemistry) for different times in 50 
mM Tris/HCI pH 7.5, 10 mM MgCl2 and shown to cleave the substrate 
efficiently ( pg.66) . 

The target and the ribozyme sequences shown in Ho. 62 and 65 are 
10 meant to be non-limiting examples. Those in the art will recognize that 
other embodiments can be readily generated using other sequences and 
techniques generally known in the art. 

V, Constructs of . Ha|rpjn Ribozymes 

There follows an improved trans-cleaving hairpin ribozyme in which a 
15 new helix (i.e., a sequence able to form a double-stranded region with 
another single-stranded nucleic acid) is provided in the ribozyme to base- 
pair with a 5' region of a separate substrate nucleic acid. This helix is 
provided at the 3' end of the ribozyme after helix 3 as shown in Figure 3. In 
addition, at least two extra bases may be provided In helix 2 and a portion 
20 of the substrate corresponding to helix 2 may be either directly linked to the 
5' portion able to hydrogen bond to the 3' end of the hairpin or may have a 
linker of atleast one base. By trans-cleaving is meant that the ribozyme is 
able to act in trans to cleave another RNA molecule which Is not covalently 
linked to the ribozyme Itself. Thus, the ribozyme is not able to act on itself 
25 in an intramolecular cleavage reaction. 

By ■base-pair" is meant a nucleic acid that can form hydrogen bond(s) 
with other RNA sequence by either traditional Watson-Crick or other non- 
traditional types (for example Hoogsteen type) of interactions. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
30 helix 5) has several advantages. These include improved stability of the 
ribozyme-target complex in vivo . In addition, an increase in the 
recognition sequence of the hairpin ribozyme improves the specificity of the 
ribozyme. This also makes possible the targeting of potential hairpin 

RECTIFIED SHEET (RULE 9!) 
ISA/EP 
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ribozyme sites that would otherwise be inaccessible due to neighboring 
secondary structure. 

The increase in length of helix 2 of a hairpin ribozyme (with or without 
helix 5) enhances frans-ligation reaction catalyzed by the ribozyme. Trans- 
5 ligation reactions catalyzed by the regular hairpin ribozyme (4 bp helix 2) is 
very inefficient (Komatsu et a/., 1993 Nucleic Acids Res, 21, 185). This is 
attributed to weak base-pairing interactions between substrate RNAs and 
the ribozyme. By increasing the length of helix 2 (with or without helix 5) 
the rate of ligation (in vitro and in vivo) can be enhanced several fold. 

1 0 Results of experiments suggest that the length of H2 can be 6 bp 

without significantly reducing the activity of the hairpin ribozyme. The H2 
arm length variation does not appear to be sequence dependent. HP 
ribozymes with 6 bp H2 have been designed against five different target 
RNAs and all five ribozymes efficiently cleaved their cognate target RNA. 

15 Additionally, two of these ribozymes were able to successfully inhibit gene 
expression (e.g., TNF-ct) in mammalian cells. Results of these experiments 
are shown below. 

HP ribozymes with 7 and 8 bp H2 are also capable of cleaving target 
RNA in a sequence-specific manner, however, the rate of the cleavage 
20 reaction is lower than those catalyzed by HP ribozymes with 6 bp H2. 

Example 36: 4 and 6 base pair H2 

Referring to Figures 67-72 . HP ribozymes were synthesized as 
described above and tested for activity. Surprisingly, those with 6 base 
pairs in H2 were still as active as those with 4 base pairs. 

25 VI. Chemical Modification 

Oligonucleotides with 5'-Oalkvl Group 

The introduction of an alkyl group at the S'-position of a nucleoside or 
nucleotide sugar introduces an additional center of chirality into the sugar 
moiety. Referring to F Jg , Z5, the general structures of S'-C-alkylnucleotides 
30 belonging to the D-allose,.2 t and L-talose, 3, sugar families are shown. 
The family names are derived from the known sugars D-allose and L-talose 
(Ri = CH3 in 2 and 3 in Figure 75). Useful specific D-aliose and L-talose 
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nucleotide derivatives are shown in Rqure 76. 29-32 and Figure 77, 58- 
61 respectively. 

This invention relates to the use of 5'-C-alkylnucleotides in 
oligonucleotides, which are particularly useful for enzymatic cleavage of 
5 RNA or single-stranded DNA, and also as antisense oligonucleotides. As 
the term is used in this application, 5 -C-alkylnucleotide-containing 
enzymatic nucleic acids are catalytic nucleic molecules that contain 5'-C- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
10 single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 
a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramoleculariy if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

15 Also within the invention are 5'-C-aIkyInucleotides which may be 

present in enzymatic nucleic acid or even in antisense oligonucleotides. 
Such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 

20 the S'-C-alkyl group may reduce binding affinity of the oligonucleotide 
containing this modification, if that moiety is not in an essential base pair 
forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 

25 less consequence. Thus, for example, if. a 5'-Oalkyl-containing molecule 
has 10% the activity of the unmodified molecule, but has 10-fold higher 
stability In vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 

30 the synthesis of such nucleotides and oligonucleotides (examples of which 
are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 5'-C-alkylnucleosides, that 
is a nucleotide base having at the 5'-position on the sugar molecule an 
atkyt moiety. In a related aspect, the invention also features 5'-C- 
35 alkylnucleotides, and in preferred embodiments features those where the 
nucleotide is not uridine or thymidine. That is, the invention preferably 
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includes all those nucleotides useful for making enzymatic nucleic acids or 
antisense molecules that are not described by the art discussed above. In 
preferred embodiments, the sugar of the nucleoside or nucleotide is in an 
optically pure form, as the talose or allose sugar. 

5 Examples of various alkyl groups useful in this invention are shown in 

Figure 75 . where each Rj group is any alkyl. These examples are not 
limiting In the invention. Specifically, an "alkyl" group refers to a saturated 
aliphatic hydrocarbon, including straight-chain, branched-chain, and cyclic 
alkyl groups. Preferably, the alkyl group has 1 to 12 carbons. More 

1 0 preferably it is a lower alkyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 
=0, =S, N0 2 or N(CH 3 ) 2 , amino, or SH. The term also includes alkenyl 
groups which are unsaturated hydrocarbon groups containing at least one 

15 carbon-carbon double bond, including straight-chain, branched-chain, and 
cyclic groups. Preferably, the alkenyl group has 1 to 12 carbons. More 
preferably it is a lower alkenyl of from 1 to 7 carbons, more preferably 1 to 4 
carbons. The alkenyl group may be substituted or unsubstituted. When 
substituted the substituted group(s) is preferably, hydroxyl, cyano, alkoxy, 

20 =0, =S, N0 2 , halogen, N(CH 3 ) 2 , amino, or SH. The term "alkyl" also 
includes alkyny! groups which have an unsaturated hydrocarbon group 
containing at least one carbon-carbon triple bond, including straight-chain, 
branched-chain, and cyclic groups. Preferably, the alkynyl group has 1 to 
12 carbons. More preferably it is a lower alkynyl of from 1 to 7 carbons, 

25 more preferably 1 to 4 carbons. The alkynyl group may be substituted or 
unsubstituted. When substituted the substituted group(s) is preferably, 
hydroxyl, cyano, alkoxy, =0, =S, N0 2 or N(CH 3 ) 2 , amino or SH. 

Such alkyl groups may also include aryl, alkylaryl, carbocyclic aryl, 
heterocyclic aryl, amide and ester groups. An "aryl" group refers to an 

30 aromatic group which has at least one ring having a conjugated n electron 
system and includes carbocyclic aryl, heterocyclic aryl and biaryl groups, 
all of which may be optionally substituted. The preferred substituent(s) of 
aryl groups are halogen, trihalomethyl, hydroxyl, SH, OH, cyano, alkoxy, 
alkyl, alkenyl, alkynyl, and amino groups. An "alkylaryl" group refers to an 

35 alkyl group (as described above) covalently joined to an aryl group (as 
described above. Carbocyclic aryl groups are groups wherein the ring 
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atoms on the aromatic ring are all carbon atoms. The carbon atoms are 
optionally substituted. Heterocyclic aryi groups are groups having from 1 to 
3 heteroatoms as ring atoms in the aromatic ring and the remainder of the 
ring atoms are carbon atoms. Suitable heteroatoms include oxygen, sulfur, 
5 and nitrogen, and include furanyl, thienyl, pyridyl, pyrrolyl, N-lower alkyl 
pyrrolo, pyrimidyl, pyrazinyl, imidazolyl and the like, all optionally 
substituted. An •amide" refers to an -C(0)-NH-R, where R is either alkyl, 
aryl, alkylaryl or hydrogen. An "ester" refers to an -C(0)-OR' f where R is 
either alkyl, aryl, alkylaryl or hydrogen. 

10 In other aspects, also related to those discussed above, the invention 

features oligonucleotides having one or more 5-C-alkylnucleotides; e.g. 
enzymatic nucleic acids having a S'-C-alkylnucleotide; and a method for 
producing an enzymatic nucleic acid molecule having enhanced activity to 
cleave an RNA or single-stranded DNA molecule, by forming the enzymatic 

15 molecule with at least one nucleotide having at its 5'-positJon an alkyl 
group. In other related aspects, the invention features 5'-Oalkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. 

The S'-C-alkyl derivatives of this invention provide enhanced stability 
20 to the oligonulceotides containing them. While they may also reduce 
absolute activity in an in vitro assay they will provide enhanced overall 
activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

25 In another aspect, the Invention features a method for conversion of a 

protected alio sugar to a protected talo sugar. In the method, the protected 
alio sugar is contacted with triphenyl phosphine, diethylazodicarboxylate, 
and p-nitrobenzoic acid under inversion causing conditions to provide the 
protected talo sugar. While one example of such conditions is provided 

30 below, those in the art will recognize other such conditions. Applicant has 
found that such conversion allows for ready synthesis of all types of 
nucleotide bases as exemplified in the figures. . 

While this invention is applicable to all oligonucleotides, applicant has 
found that the modified molecules of this invention are particuiary useful for 
35 enzymatic RNA molecules. Thus, below is provided examples of such 
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molecules. Those in the art will recognize that equivalent procedures can 
be used to make other molecules without such enzymatic activity. 
Specifically, Figure 1 shows base numbering of a hammerhead motif in 
which the numbering of various nucleotides in a hammerhead ribozyme is 
5 provided. This is not to be taken as an indication that the Figure is prior art 
to the pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 1. the preferred sequence of a hammerhead ribozyme 
in a 5 1 - to 3'-direction of the catalytic core is CUGANGAG[base paired 
with]CGAAA. In this invention, the use of 5'-C-aIkyl substituted nucleotides 
1 0 that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Substitutions of any nucleotide 
with any of the modified nucleotides shown in Figure 75 are possible. 

The following are non-limiting examples showing the synthesis of 
nucleic acids using 5-C-alkyl-substituted phosphoramidites and the 
1 5 syntheses of the amidites. 

Example 37: Synthesis of Hammerhead Ribozvmes Containing 5'-C-Alky|- 
nucleotides & Other Modified Nucleotides 

The method of synthesis would follow the procedure for normal RNA 
synthesis as described in Usman,N.; Ogilvie.K.K.; Jiang f M.-Y.; 

20 Cedergren,R.J. J, Am. Chem. Soc. 1987, 109. 7845-7854 and in 
Scaringe.S.A.; Franklyn.C; Usman,N. Nucleic Acids Res. 1990, 18, 5433 : 
5441 and makes use of common nucleic acid protecting and coupling 
groups, such as dimethoxytrityl at the 5*-end, and phosphoramidites at the 
3'-end (compounds 26-29 and 56-59). These 5'-C-alkyl substituted 

25 phosphoramidites may be incorporated not only into hammerhead 
ribozymes, but also into hairpin, hepatitis delta virus, Group 1 or Group 2 
intron catalytic nucleic acids, or into antisense oligonucleotides. They are, 
therefore, of general use in any nucleic acid structure. 

Example 38: Methvl-2.3-Q-lsoDroDylidine-6-Deoxv-B-D-allofuranoside (41 

30 A suspension of L-rhamnose (100 g, 0.55 mol), CuS0 4 (120 g) and 

cone. H2SO4 (4.0 mL) in 1.0 L of dry acetone was mixed for 24 h at RT, 
then filtered. Cone. NH4OH (5 mL) was added to the filtrate and the newly 
formed precipitate was filtered. The residue was concentrated in vacuo, 
coevaporated with pyridine (2 x 300 mL), dissolved in pyridine (500 mL) 

35 and cooled to 0 °C. A solution of p-toluenesufonylchloride (107 g , 0.56 
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mmol) in dry DCE (500 mL) was added dropwise over 0.5 h. The reaction 
mixture was left for 16 h at RT. The reaction was quenched by adding ice- 
water (0.5 L) and, after mixing for 0.5 h, was extracted with chloroform (0.75 
L). The organic layer was washed with H 2 0 (2 x 500 mL), 10% H 2 S0 4 (2 x 
5 300 mL). water (2 x 300 mL), sat. NaHC0 3 (2 x 300 mL), brine (2 x 300 
mL), dried over MgSC>4 and evaporated to dryness. The residue (115 g) 
was dissolved in dry MeOH (1 L) and treated with NaOMe (23.2 g, 0.42 
mmol) in MeOH. The reaction mixture was left for 16 h at 20 °C, neutralized 
with dry CO2 and evaporated to dryness. The residue was suspended in 
1 0 chloroform (750 mL), filtered , concentrated to 100 mL and purified by flash 
chromatography in CHCI3 to yield 45 g (37%) of compound 4. 

Example 39: MethvN2.3-Q-lsopropvHdine-5-r>/-Butvldiphenvlsilvl^ 
Deoxy-ft-D-Allofuranoside (51 

To solution of methylfuranoside 4 (12.5 g 62.2 mmol) and AgNC>3 
15 (21.25 g, 125.0 mmol) in dry DMF (300 mL) /-butyldiphenylsilyl chloride 
(22.2 g , 81 mmol) was added dropwise under Ar over 0.5 h. The reaction 
mixture was stirred for 4 h at RT, diluted with CHCI3 (200 mL), filtered and 
evaporated to dryness (below 40 °C using a high vacuum oil pump). The 
residue was dissolved in CH2CI2 (300 mL) washed with sat. NaHCC>3 (2 x 
20 50 mL), brine (2 x 50 mL), dried over MgS0 4 and evaporated to dryness. 
The residue was purified by flash chromatography in CH2CI2 to yield 20.0 
g (75%) of compound 5. 

Example 40: Methvf-5-Q-f-Butyl diphenvlsilyl-6-Deoxy-p-n-Allofuranosidft 

25 Methylfuranoside 5 (13.5 g, 30.6 mmol) was dissolved in 

CF 3 COOH:dioxane:H 2 0 / 2:1:1 (v/v/v, 200 mL) and stirred at 24 °C for 45 
m. The reaction mixture was cooled to -10 °C, neutralized with cone. 
NH 4 OH(140mL) and extracted with CH 2 CI 2 (500 mL). The organic layer 
was separated, washed with sat. NaHCC>3 (2 x 75 mL), brine (2 x 75 mL), 

30 dried over MgSCM and evaporated to dryness. The product 6 was purified 
by flash chromatography using a 0-10% MeOH gradient in CH 2 CI 2 . Yield 
9.0 g (76%). 



NUC 37722 



WO 95/23225 



PCT/IB95/00156 



118 

Example 41 : Methvt-2.3-di-C^Benzovl'5'(>('BLrtyldiphenvlsilvl-6-Deoxv-p- 
p-Allofuranoside m. 

Methylfuranoside 6 (7.0 g, 17.5 mmol) was coevaporated with 
pyridine (2 x 100 mL) and dissolved in pyridine (100 mL). Benzoyl chloride 

5 (5.4 g, 38.5 mmol) was added and the reaction mixture was left at RT for 16 
h. Dry EtOH (50 mL) was added and the reaction mixture was evaporated 
to dryness after 0.5 h. The residue was dissolved in CH2CI2 (300 mL), 
washed with sat. NaHC03 (2 x 75 mL), brine (2 x 75 mL) dried over MgS(>4 
and evaporated to dryness. The product was purified by flash 

1 0 chromatography in CH2CI2 to yield 9.5 g (89%) of compound 7. 

Example 42: 1-OAcetyl-2.3-di-Obenzoyl-5-Of-Butvidiphenvlsiivl>6- 
Deoxy-fi-D-Allofuranose (8). 

Dibenzoate 7 (4.7 g, 7.7 mmol) was dissolved in a mixture of AcOH 
(10.0 mL), AC2O (20.0 mL) and EtOAc (30 mL) and the reaction mixture was 

15 cooled 0 °C. 98% H2SO4 (0.15 mL) was then added. The reaction mixture 
was kept at 0 °C for 16 h, and then poured Into a cold 1:1 mixture of sat. 
NaHCOa and EtOAc (150 mL). After 0.5 h of vigorous stirring the organic 
phase was separated, washed with brine (2 x 75 mL), dried over MgS04, 
evaporated to dryness and coevaporated with toluene (2 x 50 mL). The 

20 product was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH2CI2. Yield: 4.0 g (82% as a mixture of a and (5 isomers). 

Example 43: 1 '(2\3 , >di-OBenzovN5 , -Q-/-ButvldiDhenvlsilvl-6 > >Deoxy^D- 
AllofuranosyQuracil (91. 

Uracil (1.44 g, 11.5 mmol) was suspended in mixture of 
25 hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The -reaction mixture was cooled to RT, evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of acetates 8 (6.36 g, 10.0 mmol) in dry CH3CN (100 mL), followed 
30 by CF3S0 3 SiMe3 (2.8 g, 12.6 mmol). The reaction mixture was kept at 24 
°C for 16 h, concentrated to 1/3 of its original volume, diluted with 100 mL 
of CH2CI2 and extracted with sat. NaHC0 3 (2 x 50 mL), brine (2 x 50 mL) 
dried over MgSC>4, and evaporated to dryness. The product 9 was purified 
by flash chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 . Yield: 
35 5.7 g (80%). 
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Example 44: Aft-BenzoyM-(2'.3 ■Di-Q-Benzoyi-S'-Of-Butvldiphenvlsilyl^ 
Deox y^O-AllofuranosynCvtosine (1Q), 

A/4-benzoylcytosine (1.84 g, 8.56 mmol) was suspended in mixture of 
hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 

5 reflux until complete dissolution (3 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN (100 mL), followed 
by CF 3 S03SiMe3 (4.76 g, 21.4 mmol). The reaction mixture was boiled 

1 0 under reflux for 5 h, cooled to RT, concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHC0 3 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgS04 and evaporated to dryness. 
Purification by flash chromatography using a gradient of 0-5% MeOH in 
CH2CI2 yielded 1.8 g (55%) of compound 10. 

15 Example 45: /vS-Benzoyl-9>f2^3 , ^di■C)-Benzov1-5 > -r>^Butvldiphenvlsi^yi^-6 , - 
Deoxv-p-D-A1lofuranosvnadenine (11V 

/v^-benzoyladenine (2.86 g, 11.86 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (7 h) occurred, and then for an additional 

20 hour. The reaction mixture was cooled to RT evaporated to dryness and 
v coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
solution of of acetates 8 (3.6 g, 5.6 mmol) in dry CH3CN.(100 mL) followed 
by CF 3 S0 3 SiMe3 (6.59 g, 29.7 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT, concentrated to 1/3 of its original volume, 

25 diluted with CH2CI2 (100 mL) and extracted with sat. NaHC0 3 (2 x 50 mL), 
brine (2 x 50 mL) dried over MgSC>4 and evaporated to dryness. The 
product 11 was purified by flash chromatography using a gradient of 0-5% 
MeOH in CH 2 CI 2 . Yield: 2.7 g (60%). 

- Example 46: A^-lsobutvryl-9-(2\3 , -di-CVBenzovl-5 , >0-NBury ldiphenylRilYU 
30 6'-Deoxv-p-P-AllofuranosYl)auanine f 1 2). 

A/2-lsobutyrylguanine (1.47 g , 11.2 mmol) was suspended in mixture 
of hexamethyldisilazane (100 mL) and pyridine (50 mL) and boiled under 
reflux until complete dissolution (6 h) occurred, and then for an additional 
hour. The reaction mixture was cooled to RT evaporated to dryness and 
35 coevaporated with dry toluene (2 x 50 mL). To the residue was added a 
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solution of of acetates 8 (3.4 g, 5.3 mmol) in dry CH3CN (100 mL) followed 
by CFaSOaSiMea (6.22 g, 28.0 mmol). The reaction mixture was boiled 
under reflux for 8 h, cooled to RT t concentrated to 1/3 of its original volume, 
diluted with CH2CI2 (100 mL) and extracted with sat. NaHCC>3 (2 x 50 mL), 
5 brine (2 x 50 mL) dried over MgSCU and evaporated to dryness. The 
product 12 was purified by flash chromatography using a gradient of 0-2% 
MeOH in CH 2 CI 2 . Yield: 2.1 g (54%). 

Example 47: A/S'Benzovl-Q-^.S^di-O-benzoyl-^-Deoxv-p -D-AHofnrann- 
syOadenine (15). 

10 Nucleoside 11 (1.65 g, 2.0 mmol) was dissolved in THF (50 mL) and 

a 1 M solution of TBAF in THF (4 mL) was added. The reaction mixture was 
kept at RT for 4 h r evaporated to dryness and the product purified by flash 
chromatography using a gradient of 0-5% MeOH in CH 2 CI 2 to yield 1 .0 g 
(85%) of compound 15. 

15 Example 48: ^BenzovNg-^VG'-di-O -Benzovl-S'-apimethoxvtrityl^fi^ 
Peoxy-frp-A llofuranosyQ - aflepIne (19 ) t 

Nucleoside 1 5 (0.55 g, 0.92 mmol) was dissolved in dry CH2CI2 (50 
mL). AgN03 (0.34 g, 2.0 mmol), dimethoxytrityl chloride (0.68 g, 2.0 mmol) 
and sym-collidine (0.48 g) were added under Ar. The reaction mixture was 
20 stirred for 2h, diluted with CH 2 CI 2 (100 mL), filtered, evaporated to dryness 
and coevaporated with toluene (2 x 50 mL). Purification by flash 
chromatography using a gradient of 0-5% MeOH In CH 2 CI 2 yielded 0.8 g 
(97%) of compound 19. 

Example 49: /^-Benzovl^S^aDimethoxytrityl^Deoxv^ n^Iln^ 
25 furanosyl)adenine (23). 

Nucleoside 19 (1.8 g, 2 mmol) was dissolved in dioxane (50 mL), 
cooled to 0 °C and 2 M NaOH (50 mL) was added. The reaction mixture 
. was kept at 0 °C for 45 m, neutralized with Dowex 50 (Pyr+ form), filtered 
and the resin was washed with MeOH (2 x 50 mL). The filtrate was then 
30 evaporated to dryness. Purification by flash chromatography using a 
gradient of 0-10% MeOH in CH2CI2 yielded 1.1 g (80%) of 23. 
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Example 50: /VS-Benzovl-Q-f-S'-ao^^ 
6 > -Deoxy-H>Al)ofurano^l)adenlpe (27) t 

Nucleoside 23 (1.2 g. 1,8 mmol) was dissolved in dry THF (50 mL). 
Pyridine (0.50 g, 8 mmol) and AgNC>3 (0.4 g, 2.3 mmol) were added. After 

5 the AgN03 dissolved (1.5 h), f-butyldimethylsilyl chloride (0.35 g , 2.3 
mmol) was added and the reaction mixture was stirred at RT for 16 h. The 
reaction mixture was diluted with CH2CI2 (100 mL), filtered into sat. 
NaHC03 (50 mL), extracted, the organic layer washed with brine (2 x 50 
mL), dried over MgSCX* and evaporated to dryness. The product 27 was 

10 purified by flash chromatography using a hexanes:EtOAc / 7:3 gradient. 
Yield: 0.7 g (50%). 

Example 51 : ^Benzovl^-NS'-aDimethoxytrityl^^O-Nbutvldimethvlsilyl- 
6 , -Peoxv-B-D-Allofuranosvnade nine-3 , -f2>Cvanoethvl AAAZ-diisopropyl- 
phosphorarriidite) (31), 

15 Standard phosphitylation of 27 according to Scaringe.S.A.; 

Franklyn.C; Usman,N. Nucleic Acids Res. 1990, 18, 5433-5441 yielded 
phosphoramidite 31 in 73% yield. 

Example 52: Methvl-5-aD-Nitrobenzovl-2.3-Q-lsopropvlidine-6-deoxv-p-L> 
Tallofuranoside (5) 

20 Methylfuranoside 4 (3.1 g 14.2 mmol) was dissolved in dry dioxane 

(200 mL), p-nitrobenzoic acid (10.0 g, 60 mmol) and triphenylphosphine 
(15.74 g, 60.0 mmol) were added followed by DEAD (10.45 g, 60.0 mmol). 
The reaction mixture was left at RT for 16 h, EtOH (5 mL) was added, and 
after 0.5 h the reaction mixture was evaporated to dryness. The residue 

25 was dissolved in CH2CI2 (300 mL) washed with sat. NaHC0 3 (2 x 75 mL), 
brine (2 x 75 mL) dried over MgS04 and evaporated to dryness. 
Purification by flash chromatography using a hexanes:EtOAc / 9:1 gradient 
yielded 4.1 g (78%) of compound 33. Subsequent debenzoylation 
(NaOMe/MeOH) and silylation (see preparation of 5) led to L- 

30 talofuranoside 34 which was converted to phosphoramidites 58-61 using 
the same methodology as described above for the preparation of the 
phosphoramidites of the D-allo-isomers 29-32. 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
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or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et al., PCT WO 94/ 02595. 

5 The ribozymes and the target RNA containing site O were 

synthesized, deprotected and purified as described above. RNA cleavage 
assay was carried our at 37°C in the presence of 10 mM MgCl2 as 
described above. 

Applicant has substituted 5'-C-Me-L-ta1o nucleotides at positions A6, 
10 A9, A9 + G10, C11.1 and C11.1 + G10 f as shown in Figure 78 (HH-01 to 
HH-05), HH-0 1,2,4 and 5 showed almost wild type activity (Figure 79). 
However, HH-03 demonstrated low catalytic activity. Ribozymes HH-01, 
2, 3, 4 and 5 are also extremely resistant to degradation by human 
serum nucleases. 

15 Oligonucleotides with 2 , -DeoxY-2'-Alkvlnucleotida 

This invention uses 2'-deoxy-2'-alkylnucleotides in oligonucleotides, 
which are particularly useful for enzymatic cleavage of RNA or single- 
stranded DNA, and also as antisense oligonucleotides. As the term is used 
in this application, 2 , -deoxy-2'-a!kylnucleotide-containing enzymatic 

20 nucleic acids are catalytic nucleic molecules that contain 2'-deoxy-2'- 
alkylnucleotide components replacing, but not limited to, double stranded 
stems, single stranded "catalytic core" sequences, single-stranded loops or 
single-stranded recognition sequences. These molecules are able to 
cleave (preferably, repeatedly cleave) separate RNA or DNA molecules in 

25 a nucleotide base sequence specific manner. Such catalytic nucleic acids 
can also act to cleave intramoleculariy if that is desired. Such enzymatic 
molecules can be targeted to virtually any RNA transcript. 

Also within the invention are ^-deoxy-^-alkylnucleotides which may 
be present in enzymatic nucleic acid or even in antisense oligonucleotides. 

30 Contrary to the findings of De Mesmaeker et ai applicant has found that 
such nucleotides are useful since they enhance the stability of the 
antisense or enzymatic molecule, and can be used in locations which do 
not affect the desired activity of the molecule. That is, while the presence of 
the 2'-alkyl group may reduce binding affinity of the oligonucleotide 

35 containing this modification, if that moiety is not in an essential base pair 
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forming region then the enhanced stability that it provides to the molecule 
is advantageous. In addition, while the reduced binding may reduce 
enzymatic activity, the enhanced stability may make the loss of activity of 
less consequence. Thus, for example, if a 2'-deoxy-2'-alkyl-containing 
5 molecule has 10% the activity of the unmodified molecule, but has 10-fold 
higher stability in vivo then it has utility in the present invention. The same 
analysis is true for antisense oligonucleotides containing such 
modifications. The invention also relates to novel intermediates useful in 
the synthesis of such nucleotides and oligonucleotides (examples of which 
1 0 are shown in the Figures), and to methods for their synthesis. 

Thus, in one aspect, the invention features 2'-deoxy-2*- 
alkylnucleotides, that is a nucleotide base having at the 2'-position on the 
sugar molecule an alky! moiety and in preferred embodiments features 
those where the nucleotide is not uridine or thymidine. That is, the 
15 invention preferably includes all those nucleotides useful for making 
enzymatic nucleic acids or antisense molecules that are not described by 
the art discussed above. 

Examples of various alkyl groups useful in this invention are shown in 
Figure 81. where each R group is any alkyl. The term "alkyl' does not 
20 include alkoxy groups which have an "-O-alkyl" group, where "alkyl* is 
defined as described above, where the O is adjacent the 2-position of the 
sugar molecule. 

In other aspects, also related to those discussed above, the invention 
features oligonucleotides having one or more 2 , -deoxy-2'-alkylnuc1eotides 

25 (preferably not a 2'-alkyl- uridine or thymidine); e.g. enzymatic nucleic 
acids having a 2'-deoxy-2'-aikyinucleotide; and a method for producing an 
enzymatic nucleic acid molecule having enhanced activity to cleave an 
RNA or single-stranded DNA molecule, by forming the enzymatic molecule 
with at least one nucleotide having at Its 2'-position an alkyl group. In other 

30 ' related aspects, the invention features 2 , -deoxy-2'-alkylnucleotide 
triphosphates. These triphosphates can be used in standard protocols to 
form useful oligonucleotides of this invention. . 

The 2'-alkyl derivatives of this invention provide enhanced stability to 
the oligonulceotides containing them. While they may also reduce 
35 absolute activity in an In vitro assay they will provide enhanced overall 
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activity in vivo. Below are provided assays to determine which such 
molecules are useful. Those in the art will recognize that equivalent 
assays can be readily devised. 

In another aspect, the invention features hammerhead motifs having 
5 enzymatic activity having ribonucleotides at locations shown in Figure 80 at 
5, 6, 8, 12, and 15.1, and having substituted ribonucleotides at other 
positions in the core and in the substrate binding arms if desired. (The term 
"core" refers to positions between bases 3 and 14 in Figure 80, and the 
binding arms correspond to the bases from the 3'-end to base 15.1, and 
.10 from the 5'-end to base 2). Applicant has found that use of ribonucleotides 
at these five locations in the core provide a molecule having sufficient 
enzymatic activity even when modified nucleotides are present at other 
sites in the motif. Other such combinations of useful ribonucleotides can be 
determined as described by Usman et al. supra. 

1 5 Figure 80 shows base numbering of a hammerhead motif in which the 

numbering of various nucleotides in a hammerhead ribozyme is provided. 
This is not to be taken as an indication that the Figure is prior art to the 
pending claims, or that the art discussed is prior art to those claims. 
Referring to Figure 80 the preferred sequence of a hammerhead ribozyme 

20 in a 5'- to 3'-direction of the catalytic core is CUGANGAG[base paired 
withJCGAAA. In this invention, the use of 2 , -C-alkyl substituted nucleotides 
that maintain or enhance the catalytic activity and or nuclease resistance of 
the hammerhead ribozyme is described. Although substitutions of any 
nucleotide with any of the modified nucleotides shown in Figure 81 are 

25 possible, and were indeed synthesized, the basic structure composed of 
promarily 2'-0-Me nucleotides weth selected substitutions was chosen to 
maintain maximal catalytic activity (Yang et al. Biophemistry 1992, 31, 
5005-5009 and Paolella et al , EMBO J. 1992, 11, 1913-1919) and ease 
of synthesis, but is not limiting to this invention. 

30 Ribozymes from Figure 80 and Table 45 were synthesized and 

assayed for catalytic activity and nuclease resistance. With the exception 
of entries 8 and 17, all of the modified ribozymes retained at lease 1/10 of 
the- wild-type catalytic activity. From Table 45. all 2'-modified ribozymes 
showed very large and significant increases in stability in human serum 

35 (shown) and in the other fluids described below (Example 55, data not 
shown). The order of most agressive nuclease activity was fetal bovine 
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serum, > human serum >human plasma > human synovia! fluid. As an 
overall measure of the effect of these ^-substitutions on stability and 
activity, a ratio 6 was calculated (Table 45). This 6 value indicated that all 
modified ribozymes tested had significant, >100 - >1700 fold, increases in 
5 overall stability and activity. These increases in 6 indicate that the lifetime 
of these modified ribozymes in vivo are significantly increased which 
should lead to a more pronounced biological effect. 

More general substitutions of the ^-modified nucleotides from Figure 
81 also increased the ti/2 of the resulting modified ribozymes. 
10 However the catalytic activity of these ribozymes was 
decreased > 10-fold. 

In Figure 86 compound 37 may be used as a general 
intermediate to prepare derivatized 2*C-alkyl phosphoramidites, 
where X is CH3, or an alkyl, or other group described above. 

1 5 The following are non-limiting examples showing the synthesis of 

nucleic acids using 2'-C-alkyl substituted phosphoramidites, the syntheses 
of the amidites, their testing for enzymatic activity and nuclease resistance. 

Example 53: Synthesis of Hammerhead Ribozymes Contain ing 2'-Deoxy- 
g'-Alkylnucleotides & Other 2'-Modified Nucleotides 

20 The method of synthesis used generally follows the procedure for 

normal RNA synthesis as described in Usman.N.; Ogilvie,K.K.; Jiang,M.-Y.; 
Cedergren.R.J. J, Am. Chem. Soc. 1987, 109. 7845-7854 and in 
Scaringe.S.A.; Franklyn,C; Usman,N. Nucleic Acids Res. 1990, 18 t 5433- 
5441 and makes use of common nucleic acid protecting and coupling 

25 groups, such as dimethoxytrityl at the 5'-end t and phosphoramidites at the 
3'-end (compounds 10, 12, 17, 22, 31, 18. 26, 32, 36 and 38). Other 
2'-modified phosphoramidites were prepared according to: 3 & 4 t Eckstein 
et ai International Publication No. WO 92/07065; and 5 Kois et ai 
Nucleosides & Nucleotides 1993, 12 t 1093-1109. The average stepwise 

30 coupling yields were -98%. The 2*-substituted phosphoramidites were 
incorporated into hammerhead ribozymes as shown in Figure 80. 
However, these 2'-alkyl substituted phosphoramidites may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group I or Group ll intron catalytic nucleic acids, or into antisense 
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oligonucleotides. They are, therefore, of general use in any nucleic acid 
structure. 

Example 54: Ribo?ymQ Aptivfty Assay 

Purified 5'-end labeled RNA substrates (15-25-mers) and purified 5- 
5 end labeled ribozymes (~36-mers) were both heated to 95 °C. quenched 
on ice and equilibrated at 37 °C, separately. Ribozyme stock solutions 
were 1 mM, 200 nM, 40 nM or 8 nM and the final substrate RNA 
concentrations were - 1 nM. Total reaction volumes were 50 mL The 
assay buffer was 50 mM Tris-CI, pH 7.5 and 10 mM MgC^. Reactions were 
1 0 initiated by mixing substrate and ribozyme solutions at t = 0. Aliquots of 5 
mL were removed at time points of 1 , 5, 15, 30, 60 and 120 m. Each time 
point was quenched in formamide loading buffer and loaded onto a 15% 
denaturing polyacrylamide gel for analysis. Quantitative analyses were 
performed using a phosphorimager (Molecular Dynamics). 

15 Example 55: Stability Assay 

500 pmol of gel-purified S'-end-labeled ribozymes were precipitated 
in ethanol and pelleted by centrifugation. Each pellet was resuspended in 
20 mL of appropriate fluid (human serum, human plasma, human synovial 
fluid or fetal bovine serum) by vortexing for 20 s at room temperature. The 

20 samples were placed into a 37 °C incubator and 2 mL aliquots were 
withdrawn after incubation for 0, 15, 30, 45, 60, 120, 240 and 480 m. 
Aliquots were added to 20 mL of a solution containing 95% formamide and 
0.5X TBE (50 mM Tris, 50 mM borate, 1 mM EDTA) to quench further 
nuclease activity and the samples were frozen until loading onto gels. 

25 Ribozymes were size-fractionated by electrophoresis in 20% 
acrylamide/8M urea gels. The amount of intact ribozyme at each time point 
was quantified by scanning the bands with a phosphorimager (Molecular 
Dynamics) and the half-life of each ribozyme in the fluids was determined 
by plotting the percent Intact ribozyme vs the time of incubation and 

30 extrapolation from the graph. 

Example 56: S'.S'-CXTetraisopropvl-distloxane-l ^-diyn^'-OPhenoxy thjo- 
carbonvl-Uridine (7) 

To a stirred solution of 3 , ,5 , -0-(tetraisopropyl-disiloxane-1 ,3-diyl)- 
uridine, 6, (15.1 g, 31 mmol, synthesized according to Nucleic Acid 
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pyridine (7.57 g, 62 mmot) a solution of phenylchlorothionoformate (5.15 
mL t 37.2 mmol) in 50 mL of acetonitrile was added dropwise and the 
reaction stirred for 8 h. TLC (EtOAc:hexanes / 1:1) showed disappearance 
5 of the starting material. The reaction mixture was evaporated, the residue 
dissolved in chloroform, washed with water and brine, the organic layer 
was dried over sodium sulfate, filtered and evaporated to dryness. The 
residue was purified by flash chromatography on silica gel with 
EtOAc.hexanes / 2:1 as eluent to give 1 6.44 g (85%) of 7. 

10 Example 57: S'.S'-OfTetraisopropvl-disiloxane-l^-diyn-a'-C-Allvl -Uridine 

m 

To a refluxing, under argon, solution of 3* t 5'-0-(tetraisopropyl- 
disiloxane-l.a-diylJ-^-O-phenoxythiocarbonyl-uridine, 7, (5 g, 8.03 mmol) 
and allyltributyltin (12.3 mL, 40.15 mmol) in dry toluene, benzoyl peroxide 
15 (0.5 g) was added portionwise during 1 h. The resulting mixture was 
allowed to reflux under argon for an additional 7-8 h. The reaction was 
then evaporated and the product 8 purified by flash chromatography on 
silica gel with EtOAc:hexanes / 1:3 as eluent. Yield 2.82 g (68.7%). 

Example 58: S'-OPimethoxvtritvl-^-C-AIM-Uridine (9^ 

20 A solution of 8 (1.25 g, 2.45 mmol) in 10 mL of dry tetrahydrofuran 

(THF) was treated with a 1 M solution of tetrabutylammoniumfiuoride in 
THF (3.7 mL) for 10 m at room temperature. The resulting mixture was 
evaporated, the residue was loaded onto a silica gel column, washed with 
1 L of chloroform, and the desired deprotected compound was eluted with 

25 chloroform:methanol / 9:1. Appropriate fractions were combined, solvents 
removed by evaporation, and the residue was dried by coevaporation with 
dry pyridine. The oily residue was redissolved in dry pyridine, 
dimethoxytritylchloride (1.2 eq) was added and the reaction mixture was 
left under anhydrous conditions overnight. The reaction was quenched 

30 with methanol (20 mL), evaporated, dissolved in chloroform, washed with 
5% aq. sodium bicarbonate and brine. The organic layer was dried over 
sodium sulfate and evaporated. The residue was purified by flash 
chromatography on silica gel, EtOAc:hexanes / 1:1 as eluent, to give 0.85 g 
(57%) of 9 as a white foam. 
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Example 59: S^O-Dfmethoxvtritvl^'-OAIM-Uridine 3'-(2-Cvanoethvl N.N- 
djispRrQpylphQ s php ra midite) (1 0) 

5'-0-Dimethoxytrityl-2'-C-allyl~uridine (0.64 g, 1.12 mmol) was 
dissolved in dry dichloromethane under dry argon. A/,A/-Diisopropylethyl- 
5 amine (0.39 mL f 2.24 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyi A/,A/-diisopropylchlorophosphoramidite (0.35 mL, 1.57 mmol) 
was added dropwise to the stirred reaction solution and stirring was 
continued for 2 h at RT. The reaction mixture was then ice-cooled and 
quenched with 12 mL of dry methanol. After stirring for 5 m, the mixture 
1 0 was concentrated in vacuo (40 *C) and purified by flash chromatography 
on silica gel using a gradient of 10-60% EtOAc in hexanes containing 1% 
triethylamine mixture as eluent. Yield: 0.78 g (90%), white foam. 

Example 60: ^S'-arTetraisopropvl-disiloxane-l .S-divl^'-C-Allyl-A/ l- 
Acetyl-Cvtidine (11) 

15 Triethylamine (6.35 mL, 45.55 mmol) was added dropwise to a stirred 

ice-cooled mixture of 1 ,2,4-triazole (5.66 g, 81.99 mmol) and phosphorous 
oxychloride (0.86 mL, 9.11 mmol) in 50 mL of anhydrous acetonitrile. To 
the resulting suspension a solution of S'.S'-O-Oetraisopropyl-disiloxane- 
1,3-diyl)-2'-C-allyl uridine (2.32 g, 4.55 mmol) in 30 mL of acetonitrile was 

20 added dropwise and the reaction mixture was stirred for 4 h at room 
temperature. The reaction was concentrated in vacuo to a minimal volume 
(not to dryness). The residue was dissolved in chloroform and washed with 
water, saturated aq. sodium bicarbonate and brine. The organic layer was 
dried over sodium sulfate and the solvent was removed in vacuo. The 

25 resulting foam was dissolved in 50 mL of 1,4-dioxane and treated with 29% 
aq. NH4OH overnight at room temperature. TLC (chloroform: methanol / 
9:1) showed complete conversion of the starting material. The solution was 
• evaporated, dried by coevaporation with anhydrous pyridine and 
• acetylated with acetic anhydride (0.52 mL, 5.46 mmol) in pyridine 

30 overnight. The reaction mixture was quenched with methanol, evaporated, 
the residue was dissolved in chloroform, washed with sodium bicarbonate 
and brine. The organic layer was dried over sodium sulfate, evaporated to 
dryness and purified by flash chromatography on silica gel (3% MeOH in 
chloroform). Yield 2.3 g (90%) as a white foam. 
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Exam ple 61: S , -aDimethoxvtfitvl-2 , ->C-A[ivl-/Vl-Acetvl-Cvtid}ne 

This compound was obtained analogously to the uridine derivative 9 
in 55% yield. 

Example 62: ^aDimethoxvtritvl^-C^allvl-^ AceM-Cvtidine 3'-(2- 
5 Cvanoethyl A/.A/-diisopropvlDhosphoramidite^ (12^ 

2 , -0-Dimethoxytrityl-2 , -C-allyl-A/ 4 -acetyl cytidine (0.8 g, 1.31 mmol) 
was dissolved in dry dichloromethane under argon. A/,AJ-Diisopropylethyf- 
amine (0.46 mL, 2.62 mmol) was added and the solution was ice-cooled. 
2-Cyanoethyl A/ ( A/-diisopropylchlorophosphoramidite (0.38 mL, 1.7 mmol) 

10 was added dropwise to a stirred reaction solution and stirring was 
continued for 2 h at room temperature. The reaction mixture was then ice- 
cooled and quenched with 12 mL of dry methanol. After stirring for 5 m, the 
mixture was concentrated in vacuo (40 °C) and purified by flash 
chromatography on silica gel using chioroform:ethanol / 98:2 with 2% 

1 5 triethylamine mixture as eluent. Yield: 0.91 g (85%), white foam. 

Example 63: 2'-Deoxv-2'-Methvlene-Uridine 

2-Deoxy-2'-methylene-3 , t 5 , -0-(tetraisopropyldisiloxane-1 l 3-diyl)- 
uridine 14 (Hansske.F.; Madej.D.; Robins,M. J. Tetrahedron 1984, 40, 125 
and Matsuda.A.; Takenuki.K.; Tanaka.S.; SasakiJ.; U9da,T. J. Med. Chem. 
20 1991, 34, 812) (2.2 g r 4.55 mmol ) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (10 mL) for 20 m and concentrated Jn vacuo. The 
residue was triturated with petroleum ether and chromatographed on a 
silica gel column. ^-Deoxy-^-methytene-uridine (1.0 g, 3.3 mmol, 72.5%) 
was eluted with 20% MeOH in CH2CI2. " 

25 Example 64: S^O-DMT^-Peoxv-^-Methvlene-Uridine (15) 

2 , -Deoxy-2'-methylene-uridine (0.91 g, 3.79 mmol) was dissolved in 
pyridine (10 mL) and a solution, of DMT-Cl in pyridine (10 mL) was added 
dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
30 concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHC03, water and brine. The organic extracts were 
dried over MgSCU, concentrated in vacuo and purified over a silica gel 
column using EtOAc:hexanes as eluant to yield 15 (0.43 g, 0.79 mmol, 
22%). ' 
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Sample 65: 5'-Q-DMT-2 -Deoxy-2'-Methylene-Uridin e 3'-(2-Cyanoethyt 
/V./V-diisopropvlphosphoramidite) (171 

^(^-Deoxy^'-methylene-S'-C^dimethoxytrityl-p-D-ribofuranosyl)- 
uracil (0.43 g, 0.8 mmol) dissolved in dry CH2CI2 (15 mL) was placed in a 
5 round-bottom flask under Ar. Diisopropylethylamine (0.28 mL, 1.6 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl A/,A/-diiso- 
propylchlorophosphoramidite (0.25 mL, 1.12 mmol). The reaction mixture 
was stirred 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.3 g, 0.4 
1 0 mmol, 50%) was purified by flash column chromatography over silica gel 
using a 25-70% EtOAc gradient in hexanes, containing 1% triethyiamine, 
as eluant. R{ 0.42 (CH 2 CI 2 : MeOH / 15:1) 

Example 66: 2^Deoxv-2 > -Difluoromelhvlene-3\5 , -Q.rr etraisopropvldisilox- 
ane-1.3-divn-Uridine 

15 2'-Keto-3',5 , -0-(tetraisopropyldisiloxane-1,3-diyl)uridine 14 (1.92 g, 

12.6 mmol) and triphenylphosphine (2.5 g, 9.25 mmol) were dissolved in 
diglyme (20 mL), and heated to a bath temperature of 160 °C. A warm (60 
°C) solution of sodium chlorodifluoroacetate in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 

20 resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH2CI2 and chromatographed over silica gel. 2'- 
Deoxy-2'-difluoromethyIene-3',5'-0-(tetraisopropyldisiIoxane-1,3-diyl)- 
uridine (3.1 g, 5.9 mmol, 70%) eluted with 25% hexanes in EtOAc. 

Example 67: 2'-Peoxv-2 , -Pifluoromethvlene-Uridine 

25 2 , -Deoxy-2 , -methylene-3\5 , -0-(tetraisopropyldisiloxane'1,3-diyl)- 

uridine (3.1 g, 5.9 mmol) dissolved in THF (20 mL) was treated with 1 M 
TBAF in THF (10 mL) for 20 m and concentrated in vacuo. The residue was 
triturated with petroleum ether and chromatographed on silica gel column. 
Z-Deoxy^'-difluoromethylene-uridine (1.1 g, 4.0 mmol, 68%) was eluted 

30 with 20% MeOH in CH 2 CI 2 . 

Example 68: S'-O-PMT-^-Deoxv^'-Pifluoromethvlene-Uridine ( 1fi) 

2'-Peoxy-2'-difluoromethylene-uridlne (1.1 g, 4.0 mmol) was 
dissolved in pyridine (10 mL) and a solution of DMT-CI (1.42 g, 4.18 mmol) 
in pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
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was stirred at RT for 12 h and MeOH (2 ml_) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHC03, water and brine. The 
organic extracts were dried over MgS04, concentrated in vacuo and 
5 purified over a silica gel column using 40% EtOAc:hexanes as eluant to 
yield S'-O-DMT^'-deoxy-a'-difluoromethylene-uridine 16 (1.05 g, 1.8 
mmol, 45%). 

Example 69: S'-Q-DMT-^-Deoxy^'-Difluoromethvlene^Uridine 3'-(2- 
Cvanoethyl A/./V-di isopropylphosphoramidite) f18) 

1 0 1 -(2 f -Deoxy-2 -difluoromethylene-S'-O-dimethoxytrityl-p-D-ribof urano- 

syl)«uracil (0.577 g, 1 mmol) dissolved in dry CH2CI2 (15 mL) was placed in 
a round-bottom flask under Ar. Diisopropylethylamine (0.36 mL, 2 mmol) 
was added, followed by the dropwise addition of 2-cyanoethyl A/,A/-diiso- 
propylchlorophosphoramidite (0.44 mL, 1.4 mmol). The reaction mixture 

1 5 was stirred for 2 h at RT and quenched with ethanol (1 mL). After 10 m the 
mixture evaporated to a syrup in vacuo (40 °C). The product (0.404 g, 0.52 
mmol, 52%) was purified by flash chromatography over silica gel using 20- 
50% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.48 (CH 2 CI 2 : MeOH / 15:1). 

20 Example 70: ^-Deoxv^'-Methvlene-S'.S'-OfTetraisopropvldisiloxane-l .3- 
djyl)-4-A/-Acety|-Cytidine 2Q 

Triethylamine (4.8 mL, 34 mmol) was added to a solution of POCI3 
(0.65 mL, 6.8 mmol) and 1,2,4-triazole (2.1 g, 30.6 mmol) in acetonitrile (20 
mL) at 0 °C. A solution of ^-deoxy^'-methylene-S 1 ^ -O(tetraisopropyldi- 

25 siloxane-1,3-diyl) uridine 19 (1.65 g, 3.4 mmol) in acetonitrile (20 mL) was 
added dropwise to the above reaction mixture and left to stir at room 
temperature for 4 h. The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 
organic extracts were dried over Na2SC>4 concentrated in vacuo, dissolved 

30 in dioxane (10 mL) and aq. ammonia (20 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (3 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with saL 
NaHCC>3 (5 mL). The mixture was concentrated in vacuo, dissolved in 

35 CH 2 CI 2 (2 x 100 mL) and washed with 5% NaHCOa (1 x 100 mL). The 
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organic extracts were dried over Na2S0 4l concentrated in vacuo and the 
residue chromatographed over silica gel. 2'-Deoxy-2-methy!ene-3 , 1 5 , -0- 
(tetraisopropyldisiloxane-1 l 3-diy!)-4-A/-acetyl-cytidine 20 (1.3 g, 2.5 mmol ( 
73%) was eluted with 20% EtOAc in hexanes. 

5 Example 71: l-^^Deoxv^^Methvlene-S'^Dimetho xvtritvUp-D^ribo^ 
f uranosvlM-/V-Acety1-Cytosine 21 

^-Deoxy^^methylene-S'.S'-O-Oetraisopropyldisiloxane-I.S-diylJ-^A/- 
acetyl-cytidine 20 (1.3 g f 2.5 mmoi) dissolved in THF (20 mL) was treated 
with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. The 

1 0 residue was triturated with petroleum ether and chromatographed on silica 
gel column. 2'-Deoxy-2'-methy!ene-4-/V- acetyl-cytidine (0.56 g, 1 .99 mmoi, 
80%) was eluted with 10% MeOH in CH2CI2. 2'-Deoxy-2'-methylene-4-/V- 
acetyl-cytidine (0.56 g, 1.99 mmoi) was dissolved in pyridine (10 mL) and a 
solution of DMT-CI (0.81 g, 2.4 mmoi) in pyridine (10 mL) was added 

15 dropwise over 15 m. The resulting mixture was stirred at RT for 12 h and 
MeOH (2 mL) was added to quench the reaction. The mixture was 
concentrated in vacuo and the residue taken up in CH2CI2 (100 mL) and 
washed with sat. NaHCC>3 (50 mL), water (50 mL) and brine (50 mL). The 
organic extracts were dried over MgS04, concentrated in vacuo and 

20 purified over a silica gel column using EtOAc:hexanes / 60:40 as eluant to 
yield 21 (0.88 g, 1.5 mmoi, 75%). 

Example 72: l^g-Deoxv^Methvlene-S'-O-Dimethoxvtritvl-p -D-riho- 
furanosvl)-4-/V-AcetvJ-Cvtosine 3W2-Cvanoethvl-/V.^diisopropvlphosphor- 
amidite) (22) 

25 1-(2 , -Deoxy-2 , -methy!ene-5 , -0-dimethoxytrityl-P'D-ribofuranosyl)-4-A/- 
acetyl-cytosine 21 (0.88 g, 1.5 mmoi) dissolved in dry CH 2 CI 2 (10 mL) was 
placed in a round-bottom flask under Ar. Diisopropylethylamine (0.8 mL, 
4.5 mmoi) was added, followed by the dropwise addition of 2-cyanoethyl 
/V,/V«diisopropylchlorophosphoramidite (0.4 mL, 1.8 mmoi). The reaction 
- 30 mixture was stirred 2 h at room temperature and quenched with ethanol (1 
mL). After 10 m the mixture evaporated to a syrup in vacuo (40 °C). The 
product 22 (0.82 g, 1.04 mmoi, 69%) was purified by flash chromatography 
over silica gel using 50-70% EtOAc gradient in hexanes, containing 1% 
triethylamine, as eluant. Rf 0.36 (CH2CI 2 :MeOH / 20:1). 
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Example 73: 2 , -PeQxy'2 , >Difluoromethvlene-3 , .5 , -OrretraisoproDyl 
disiloxane-1 .3-divlM^Acetv^CMidine (241 

Et3N (6.9 mL, 50 mmo!) was added to a solution of POCI3 (0.94 mL, 
10 mmol) and 1,2.4-triazote (3.1 g, 45 mmol) in acetonhrile (20 mL) at 0 °C. 
5 A solution of ^-deoxy-^-difluoromethyiene-a'.S'-O-Oetraisopropyldisilox- 
ane-l^-diyijuridine 23 ([described in example 14] 2.6 g f 5 mmol) In 
acetonitrile (20 mL) was added dropwise to the above reaction mixture and 
left to stir at RT for 4 h. The mixture was concentrated in vacuo, dissolved 
in CH2CI2 (2 x 100 mL) and washed with 5% NaHC0 3 (1 x 100 mL). The 

1 0 organic extracts were dried over Na2SC>4 concentrated in vacuo, dissolved 
in dioxane (20 mL) and aq. ammonia (30 mL). The mixture was stirred for 
12 h and concentrated in vacuo. The residue was azeotroped with 
anhydrous pyridine (2 x 20 mL). Acetic anhydride (5 mL) was added to the 
residue dissolved in pyridine, stirred at RT for 4 h and quenched with sat. 

15 NaHC03 (5mL). The mixture was concentrated in vacuo, dissolved in 
CH2CI2 (2 x 100 mL) and washed with 5% NaHCC>3 (1 x 100 mL). The 
organic extracts were dried over NagSO,*, concentrated in vacuo and the 
residue chromatographed over silica gel. ^-Deoxy^'-difluoromethylene- 
a'^'-O^tetraisopropyldisiloxane-l^-diyO^-N-acetyi-cytidine 24 (2.2 g, 3.9 

20 mmol, 78%) was eluted with 20% EtOAc in hexanes. 

Example 74: 1 -^'-Peoxy^'-Difluoromethvlene-S^ODimethoxvtrirvl-p-D' 
ribofuranosy<)-4-AAAcetyl-Cytosine (25) 

^-Deoxy^'-difluoromethylene-S'^'-O^etraisopropyldisiloxane-l^- 
diyl)-4-A/-acetyt-cytidine 24 (2.2 g, 3.9 mmol) dissolved in THF (20 mL) was 

25 treated with 1 M TBAF in THF (3 mL) for 20 m and concentrated in vacuo. 
The residue was triturated with petroleum ether and chromatographed on a 
silica gel column. 2 , -Deoxy-2 , -difluoromethylene-4-/V-acetyl-cytidine (0.89 
g, 2.8 mmol, 72%) was eluted with 10% MeOH in CH 2 CI 2 . 2'-Deoxy-2'- 
difluoromethylene-4-A/-acetyl-cytidine (0.89 g, 2.8 mmol) was dissolved in 

30 pyridine (10 mL) and a solution of DMT-CI (1.03 g, 3.1 mmol) in pyridine 
(10 mL) was added dropwise over 15 m. The resulting mixture was stirred 
at RT for 12 h and MeOH (2 mL) was added to quench the reaction. The 
mixture was concentrated in vacuo and the residue taken up in CH2CI2 
(100 mL) and washed with sat. NaHC0 3 (50 mL), water (50 mL) and brine 

35 (50 mL). The organic extracts were dried over MgS04, concentrated in 
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vacuo and purified over a silica gel column using EtOAc:hexanes / 60:40 
as eluant to yield 25 (1.2 g, 1.9 mmol, 68%). 

Example 75: 1 -te'-Deoxv-g-Difluorometh^ 

ribofuranosvlM-/V-Acetvlcvtosine 3W2-cvanoethvt-N»N-dii soDropvlphos- 
5 phoramidite) (26) 

l^^-Deoxy^-difluoromethylene-S'-O-dimethoxytrityl-p-D-ribofurano- 
syl)-4-A/-acetylcytosine 25 (0.6 g, 0.97 mmol) dissolved in dry CH2CI2 (10 
ml_) was placed in a round-bottom flask under Ar. Diisopropylethylamine 
(0.5 mL, 2.9 mmol) was added, followed by the dropwise addition of 2- 

10 cyanoethyl /V,A/-diisopropylchlorophosphoramidite (0.4 mL, 1.8 mmol). The 
reaction mixture was stirred 2 h at RT and quenched with ethanol (1 mL). 
After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). The 
product 26, a white foam (0.52 g, 0.63 mmol, 65%) was purified by flash 
chromatography over silica gel using 30-70% EtOAc gradient in hexanes, 

15 containing 1% triethylamine, as eluant. Rf 0.48 (CHaC^MeOH / 20:1). 

Example 76: 2 , -Keto-3 , .5 , >Q-(TetraisoproDvldisiloxane>1 .3-divn-6-A/-/4-f- 
Butylbenzoyl)-Adeno$jne (28) 

Acetic anhydride (4.6 mL) was added to a solution of S'.S'-Q-^etraiso- 
propyldisiloxane-1,3-diyl)-6-A/-(4-f-butylbenzoyl)-adenosine (Brown,J.; 

20 Christodoiou, C; Jones.S.; Modak.A.; Reese,C; Sibanda,S.; Ubasawa A. 
J. Chem .Soc Perkin Trans. /1989, 1735) (6.2 g, 9.2 mmol) in DMSO (37 
mL) and the resulting mixture was stirred at room temperature for 24 h. The 
mixture was concentrated in vacuo. The residue was taken up in EtOAc 
and washed with water. The organic layer was dried over MgS0 4 and 

25 concentrated in vacuo. The residue was purified on a silica gel column to 

yield 2'-keto-3',5'-0-(tetraisopropyldisiloxane-1,3-diyl)-6-/V-(4-^butylben- 
zoyl)-adenosine 28 (4.8 g, 7.2 mmol, 78%). 

Example 77: 2 , -DeoxV'2 , -methvlene-3 , ,5 , ~Q>nretraisopropvldisiloxane-1 .3- 
divn-6-AH4-t-Butvlbenzovn-Adenosine (29) 

30 Under a pressure of argon, sec-butyllithium in hexanes (1 1.2 mL, 14.6 

mmol) was added to a suspension of triphenylmethylphosphonium iodide 
(7.07 g,17.5 mmol) in THF (25 mL) cooled at -78 °C. The homogeneous 
orange solution was allowed to warm to -30 °C and a solution of 2*-keto- 
3^5 , -0(tetraisopropyldisiloxane-1,3-diyl)-6-A/-(4-^butylbenzoyl)-adenosine 
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28 (4.87 g, 7.3 mmol) in THF (25 mL) was transferred to this mixture under 
argon pressure. After warming to RT, stirring was continued for 24 h. THF 
was evaporated and replaced by CH2CI2 (250 mL), water was added (20 
mL), and the solution was neutralized with a cooled solution of 2% HCI. 
5 The organic layer was washed with H2O (20 mL), 5% aqueous NaHC03 
(20 mL), H2O to neutrality, and brine (10 mL). After drying (Na 2 S0 4 ), the 
solvent was evaporated in vacuo to give the crude compound, which was 
chromatographed on a silica gel column. Elution with light petroleum 
ether.EtOAc / 7:3 afforded pure 2'-deoxy-2 , -methy!ene-3\5 , -0-(tetraiso- 
10 propyldisiloxane-1,3-diy!)-6-A/-(4-f-butylbenzoyl)-adenosine 29 (3.86 g, 5.8 
mmol, 79%). 

Example 78: 2'>Deoxv>2 , >Methviene-6-/V-(4^-Butvlbenzovn-Adenosine 

2'-Deoxy-2 , -methylene-3 , ,5 , -0-(tetraisopropyldisiloxane-1,3-diyl)-6-AA 
(4-/-butylbenzoyl)-adenosine (3.86 g, 5.8 mmol) dissolved in THF (30 mL) 
15 was treated with 1 M TBAF in THF (15 mL) for 20 m and concentrated In 
vacuo. The residue was triturated with petroleum ether and 
chromatographed on a silica gel column. 2 , -Deoxy-2'-methylene-6-A/-(4-/ L 
butylbenzoyl)-adenosine (1.8 g, 4.3 mmol, 74%) was eluted with 10% 
MeOH in CH 2 CI 2 . 

20 Example 79: 5 , -ODMT-2 > ~Deoxv-2 , -Methviene-6-A/'f4-NButvlbenzoyl)- 
Adenosine (29) 

2 , -Deoxy-2 , -methylene-6-/v-(4-f-butylbenzoyl)-adenosine (0.75 g, 
1.77 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-CI 
(0.66 g, 1.98 mmol) in pyridine (10 mL) was added dropwise over 15 m. 
25 The resulting mixture was stirred at RT for 12 h and MeOH (2 mL) was 
added to quench the reaction. The mixture was concentrated in vacuo and 
the residue taken up in CH2CI2 (100 mL) and washed with sat. NaHC03, 
water and brine. The organic extracts were dried over MgS04, 
concentrated in vacuo and purified over a silica gel column using 50% 
• 30 EtOAc:hexanes as an eluant to yield 29 (0.81 g, 1.1 mmol, 62%). 

Example 80: 5'-0-DMT>2'-Deoxy>2'-MethvleneT6'A/- f4-^Butvlben7nyl)- 
Adenosine 3 , 42-Cvanoethyl A/.A/-diisopropylphosphoramiditel (31) 

1-(2 , -Deoxy-2'-methylene-5'-C^dimethoxytrityl-p-D-ribofuranosyl)-6-/V- 
(4-f-butyibenzoyi)-adenine 29 dissolved in dry CH 2 CI 2 (15 mL) was placed 
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in a round bottom flask under Ar. Diisopropyiethylamine was added, 
followed by the dropwise addition of 2-cyanoethyl N,N- 
diisopropylchlorophosphoramidite. The reaction mixture was stirred 2 h at 
RT and quenched with ethanol (1 mL). After 10 m the mixture was 
5 evaporated to a syrup in vacuo (40 °C). The product was purified by flash 
chromatography over silica gel using 30-50% EtOAc gradient in hexanes, 
containing 1% triethylamine, as eluant (0.7 g, 0.76 mmol, 68%). Rf 0.45 
(CH 2 CI 2 : MeOH/20:1) 

Example 81: 2 , -Peoxv-2 , -Difluoromethylene-3'.5'-Q-rr etraisopropvldisilox- 
10 ane-1.3-divtV6-AM4^Butvlbenzovn-Adenosine 

2 , -Keto*3 , f 5'-0-(tetraisopropyldisiloxane-1 l 3-diyl)-6-AA-(4-Nbutyl- 
benzoyl)-adenosine 28 (6.7 g t 10 mmol) and triphenylphosphine (2.9 g, 11 
mmol ) were dissolved in diglyme (20 mL) f and heated to a bath 
temperature of 160 °C. A warm (60 °C) solution of sodium 

15 chlorodifluoroacetate (2.3 g, 15 mmol) in diglyme (50 mL) was added 
(dropwise from an equilibrating dropping funnel) over a period of -1 h. The 
resulting mixture was further stirred for 2 h and concentrated in vacuo. The 
residue was dissolved in CH 2 CI 2 and chromatographed over silica gel. 2'- 
Deoxy^'-difluoromethylene-S'^'-O-Oetraisopropyldisiloxane-l^-diyO-e-A^- 

20 (4-f-butylbenzoyl)-adenosine (4.1g, 6.4 mmol, 64%) eluted with 15% 
hexanes in EtOAc. 

Example 82: ^Deoxv^'-Difluoromethylene-e-A/^-f-Butvlbenzoy l )- 
Adenosine 

2'-Deoxy-2 , -difluoromethylene-3' l 5 , -0-(tetraisopropyldisiloxane-1,3- 
25 diyl)-6-A/-(4-f-butylbenzoyl)-adenosine (4.1 g, 6.4 mmol) dissolved in THF 
(20 mL) was treated with 1 M TBAF in THF (10 mL) for 20 m and 
concentrated in vacuo. The residue was triturated with petroleum ether 
and chromatographed on a silica gel column. 2'-Deoxy-2*-difluoromethyl- 
. ene-6-A/-(4-/-butylbenzoyl)-adenosine (2,3 g, 4.9 mmol, 77%) was eluted 
30 with 20% MeOH in CH 2 CI 2 . 

Example 83: 5 > -ODMT-2 t >Deoxv-2 , >Difluoromethylfine-6-A/-f4>/>Biftyl~ 
benzovH-Adenosine (30) 

2'-Deoxy-2 , -difIuoromethylene-6-A/-(4^'butylbenzoyl)-adenosine (2.3 
g, 4.9 mmol) was dissolved in pyridine (10 mL) and a solution of DMT-C! in 
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pyridine (10 mL) was added dropwise over 15 m. The resulting mixture 
was stirred at RT for 12 h and MeOH (2 mL) was added to quench the 
reaction. The mixture was concentrated in vacuo and the residue taken up 
in CH2CI2 (100 mL) and washed with sat. NaHCC>3, water and brine, the 
5 organic extracts were dried over MgSC>4, concentrated in vacuo and 
purified over a silica gel column using 50% EtOAc:hexanes as eluant to 
yield 30 (2.6 g, 3.41 mmol, 69%). 

Example 84: 5 , >Q>DMT>2 , >Deoxv-2 , -Pifluoromethvlene^/V^4-/>BiJtvl> 
benzovh-Adenosine 3W2-Cyanoethvl A/.AA-diisopropylphosphoramidrte) 
10 (32) 

1-(2 , -Deoxy-2 , -difluoromethylene-5'-Odimethoxytrity!-p-D-ribofurano- 
syl)-6-/V-(4-f-butylbenzoyl)-adenine 30 (2.6 g, 3.4 mmol) dissolved in dry 
CH2CI2 (25 mL) was placed in a round bottom flask under Ar. 
Diisopropylethylamine (1.2 mL, 6.8 mmol) was added, followed by the 

15 dropwise addition of 2-cyanoethyl N,N-diisopropylchlorophosphoramidite 
(1.06 mL, 4.76 mmol). The reaction mixture was stirred 2 h at RT and 
quenched with ethanol (1 mL). After 10 m the mixture evaporated to a 
syrup in vacuo (40 °C). 32 (2.3 g, 2.4 mmol, 70%) was purified by flash 
column chromatography over silica gel using 20-50% EtOAc gradient in 

20 hexanes, containing 1% triethylamine, as eluant. Rf 0.52 {CH2CI2: MeOH / 
15:1). 

Example B5: 2 , -Deoxy-2'-Methoxycarbonylmethvlidine-3'.5 > -On"etraiso« 
propyldisiloxane-1 ,3-diyO-Uridine (33) 

Methyl(triphenylphosphoranylidine)acetate (5.4 g, 16 mmol) was 
25 added to a solution of 2'-ketc~3\5'-0-(tetraisopropyl disiioxane-1 ,3-diyl)- 
uridine 14 in CH2CI2 under argon. The mixture was left to stir at RT for 30 
h. CH2CI2 (100 mL) and water were added (20 mL) t and the solution was 
neutralized with a cooled solution of 2% HCI. The organic layer was 
washed with H2O (20 mL), 5% aq. NaHCC>3 (20 mL), H 2 0 to neutrality, and 
30 brine (10 mL). After drying (Na2SC>4), the solvent was evaporated in vacuo 
to give crude product, that was chromatographed on a silica gel column. 
Elution with light petroleum ether:EtOAc / 7:3 afforded pure 2'-deoxy-2*- 
methoxycarbonylmethylidine-S'^'-Oftetraisopropyldisiloxane-I.S-diyl)- 
uridine 33 (5.8 g, 10.8 mmol, 67.5%). 
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Example 8fr.. g'-Deoxv^'-Methoxvcarbonvlmethvlidlne-Uridine (34) 

EtaN*3 HF (3 mL) was added to a solution of ^-deoxy-Z-methoxy- 
carboxylmethylidine^'.S^O-Oetraisopropyldisiloxane-l^-diyO-uridtne 33 
(5 g, 9.3 mmol) dissolved in CH2CI2 (20 mL) and Et 3 N (15 mL). The 
5 resulting mixture was evaporated in vacuo after 1 h and chromatographed 
on a silica gel column eluting 2 , -deoxy-2'-methoxycarbonylmethylidine- 
uridine 34 (2.4 g, 8 mmol, 86%) with THF:CH 2 CI 2 / 4:1. 

Example 87: S'-aPMT^^Deoxv^'-Methoxvcarb onvlmethvlidin^Uridinfl 
135) 

10 2 , -Deoxy-2^methoxycarbonylmethylidine-uridine 34 (1.2 g, 4.02 

mmol) was dissolved in pyridine (20 mL). A solution of DMT-CI (1.5 g, 4.42 
mmol) in pyridine (10 mL) was added dropwise over 15 m. The resulting 
mixture was stirred at RT for 12 h and MeOH (2 mL) was added to quench 
the reaction. The mixture was concentrated in vacuo and the residue taken 

15 up in CH2CI2 (100 mL) and washed with sat. NaHC0 3l water and brine. 
The organic extracts were dried over MgSC>4, concentrated in vacuo and 
purified over a silica gel column using 2-5% MeOH in CH 2 CI 2 as an eluant 
to yield S'-O-DMT^'-deoxy^'-methoxycarbonylmethylidine-uridine 35 
(2.03 g, 3.46 mmol, 86%). 

20 Example 88: S'-Q-DMT^'-Deoxv^'-Methoxvcarbonylm ethvndine-UridinR 
3 , -r2-cvanoethvl-/V.A/->diisopropvlphosDhoramidite) (3fi) 

1-(2 , -Deoxy-2 , -2^methoxycarbonylmethylidine-5'-0-dimethoxytrityl-p«- 
D-ribofuranosyl)-uridine 35 (2.0 g, 3.4 mmol) dissolved in dry CH 2 Cl 2 (10 
mL) was placed in a round-bottom flask under Ar. Diisopropylethylamine 

25 (1.2 mL, 6.8 mmol) was added, followed by the dropwise addition of 2- 
cyanoethyl A/,A/-diisopropylchlorophosphoramidite (0.91 mL, 4.08 mmol). 
The reaction mixture was stirred 2 h at RT and quenched with ethanol (1 
mL). After 10 m the mixture was evaporated to a syrup in vacuo (40 °C). 
S'-O-DMT^'-deoxy^'-methoxycafbonylmethylidine-uridine 3'-(2- 

30 cyanoethyl-/V,A/-diisopropylphosphoramidite) 36 (1.8 g, 2.3 mmol, 67%) 
was purified by flash column chromatography over silica gel using a 30- 
60% EtOAc gradient in hexanes, containing 1% triethylamine, as eluant. Rf 
0.44 (CH 2 CI 2 :MeOH / 9.5:0.5). 



NUC 37743 



WO 95/23225 



PCI7IB9S/00156 



139 

Example 89: 2 > -Deoxy-2^part30xvmethvnd}ne-3 , .5'-Q-(Tetraisopropy<di- 
snoxane-1.3-divn-Uridine 37 

2 , -Deoxy-2'-methoxycarbonylmethylidine-3 , ,5 , -0-(tetraisopropyldi- 
siloxane-1,3-diyl)-uridine 33 (5.0 g, 10.8 mmol) was dissolved in MeOH 
5 (50 mL) and 1 N NaOH solution (50 mL) was added to the stirred solution 
at RT. The mixture was stirred for 2 h and MeOH removed in vacuo. The 
pH of the aqueous layer was adjusted to 4.5 with 1N HCI solution, 
extracted with EtOAc (2 x 100 mL), washed with brine, dried over MgS04 
and concentrated in vacuo to yield the crude acid. 2'-Deoxy-2'- 
1 0 carboxymethylidine-3\5 , -0-(tetraisopropyldisiloxane-1 ,3-diyl)-uridine 37 
(4.2 g, 7.8 mmol, 73%) was purified on a silica gel column using a gradient 
of 10-15% MeOH in CH 2 CI 2 . 

The alkyl substituted nucleotides of this invention can be used to form 
stable oligonucleotides as discussed above for use in enzymatic cleavage 
15 or antisense situations. Such oligonucleotides can be formed 
enzymatically using triphosphate forms by standard procedure. 
Administration of such oligonucleotides is by standard procedure. See 
Sullivan et ai PCTWO 94/02595. 

Oligonucleotides with 3' and/or 5' Dih alophosphonate 

20 This invention synthesis and uses 3' and/or 5' dihalophosphonate-, 

e.g., 3' or 5'-CF2-phosphonate-, substituted nucleotides that maintain or 
enhance the catalytic activity and/or nuclease resistance of an enzymatic or 
antisense molecule. 

As the term is used in this application, 5'- and/or 3'- 
25 dihalophosphonate nucleotide containing ribozymes, deoxyribozymes (see 
Usman et a!., PCT/US94/1 1649, incorporated by reference herein), and 
chimeras of nucleotides, are catalytic nucleic molecules that contain 5'- 
and/or 3'-dihalophosphonate nucleotide components replacing, but not 
limited to, double-stranded stems, single-stranded "catalytic core" 
30 sequences, single-stranded loops or single-stranded recognition 
sequences. These molecules are able to cleave (preferably, repeatedly 
cleave) separate RNA or DNA molecules in a nucleotide base sequence 
specific manner. Such catalytic nucleic acids can also act to cleave 
intramoleculariy if that is desired. Such enzymatic molecules can be 
35 targeted to virtually any RNA or DNA transcript. This invention concerns 
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nucleic acids formed of standard nucleotides or modified nucleotides, 
which also contain at least one 5'-dihalophosphonate and/or one 3'- 
dihalophosphonate group. 

The synthesis of 1-0-Ac-2,3-di-0-Bz-D-ribofuranose 5-d- 
5 5+dihalomethylphosphonate in three steps from 1-0-methyl-2,3-0- 
isopropylidene-6-D-ribofuranose 5-deoxy-5-dihalomethylphosphonate is 
described (e.g., for the difluoro, in Figure 87). Condensation of this suitably 
derivatized sugar with silylated pyrimidines and purines affords novel 
nucleoside S'-deoxy-S'-dihalomethylphosphonates. These intermediates 

10 may be incorporated into catalytic or antisense nucleic acids by either 
chemical (conversion of the nucleoside 5'-deoxy-5'- 
dihalomethylphosphonates into suitably protected phosphoramidites 12a 
or solid supports 12b, e.g., Figure 88) or enzymatic means (conversion of 
the nucleoside S'-deoxy-S'-dihalomethylphosphonates into their 

1 5 triphosphates, e.g., 14 Figure 89, for 77 transcription). 

Thus, in one aspect the invention features 5* and/or 3*- 
dihalonucleotides and nucleic acids containing such 5' and/or 3'- 
dihalonucleotides. The general structure of such molecules is shown 
below. 

o o 

(R 3 0) 2 PCX 2 ^ R 2 . (R 3 0) 2 PCX 2 



\ R (H 3 U) 2 PCX 2 v. 



Rz Ri CX 2 R, cx 2 R, 

20 (R 3 0) 2 P = O (R 3 0) 2 P = 0 



where R 1 is H, OH, or R, where R is a hydroxyl protecting group, e.g., 
acyl, alkysilyl, or carbonate; each R 2 is separately H, OH, or R; each R 3 is 
separately a phosphate protecting group, e.g., methyl, ethyl, cyanoethyl, p- 
25 nitrophenyl, or chlorophenyl; each X is separately any halogen; and each B 
is any nucleotide base. 

The invention in particular features nucleic acid molecules having 
such modified nucleotides and enzymatic activity. In a related aspect the 
invention features a method for synthesis of such nucleoside 5'-deoxy-5'- 
30 dihalo and/or 3'-deoxy-3'-dihalophosphonates by condensing a 
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dihalophosphonate-containing sugar with a pyrimidine or a purine under 
conditions suitable to form a nucleoside 5'-deoxy-5'-dihalophosphonate 
and/or a S'-deoxy-S'-dihalophosphonate. 

Phosphonic acids may exhibit important biological properties 
5 because of their similarity to phosphates (Engel, Chem. Rev. 1977, 77, 
349-367). Blackburn and Kent (J. Chem. Soc, Perkin Trans, 1986, 913- 
917) indicate that based on electronic and steric considerations _-fiuoro 
and _,_-difluoromethylphosphonates might mimic phosphate esters better 
than the corresponding phosphonates. Analogues of pyro- and 

10 triphosphates 1, where the bridging oxygen atoms are replaced by a 
difluoromethylene group, have been employed as substrates in enzymatic 
processes (Blackburn etai. Nucleosides & Nucleotides 1985, 4, 165-167; 
Blackburn et a/., Chem. Sen 1986, 26, 21-24). 9-(5,5-Difluoro-5- 
phosphonopentyl)guanine (2) has been utilized as a multisubstrate 

15 analogue inhibitor of purine nucleoside phosphorylase (Halazy et a/., J. 
Am. Chem. Soc. 1991, 113, 315-317). Oligonucleotides containing 
methylene groups in place of phosphodiester 5'-oxygens are resistant 
toward nucleases that cleave phosphodiester linkages between 
phosphorus and the 5'-oxygen (Breaker et ai t Biochemistry 1993, 32, 

20 9125-9128), but can still form stable complexes with complementary 
sequences. Heinemann et ai (Nucleic Acids Res. 1991, 19, 427-433) 
found that a single 3'-methyIenephosphonate linkage had a minor 
influence on the conformation of a DNA octamer double helix. 
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One common synthetic approach to a.ot-difluoro-alkylphosphonates 
features the displacement of a leaving group from a suitable reactive 
substrate by diethyl (Hthiodifluoromethyl)phosphonate (3) (Obayashi et ai, 
5 Tetrahedron Lett, 1982, 23, 2323-2326). However, our attempts to 
synthesize nucleoside S'-deoxy-S'-difluoro-methylphosphonates from 5'- 
deoxy-5'-iodonucleb$ides using 3 were unsuccessful, i.e. starting 
compounds were quantitatively recovered. The reaction of nucleoside 5'- 
aldehydes with 3, according to the procedure of Martin et ai (Martin et a/., 
10 Tetrahedron Lett. 1992, 33, 1839-1842), led to a complex mixture of 
products. Recently, the synthesis of sugar a.a-difluoroalkylphosphonates 
from primary sugar triflates using 3 was described (Berkowitz et a/., J. Org. 
Chem. 1993, 58, 6174-6176). Unfortunately, our experience is that 
nucleoside 5-triflates are too unstable to be used in these syntheses. 

15 The following are non-limiting examples showing the synthesis of 

nucleoside S'-deoxy-S'-difluoromethyl-phosphonates. Those in the art will 
recognize that equivalent methods can be readily devised based upon 
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these examples. These examples demonstrate that it is possible to 
achieve synthesis of S'-deoxy-S'-difluoro derivatives in good yield and thus 
guide those in the art to such equivalent methods. The examples also 
indicate utility of such synthesis to provide useful oligonucleotides as 
5 described above. 

Those in the art will recognize that useful modified enzymatic nucleic 
acids can now be designed, much as described by Draper et al., 
PCT/US94/13129 hereby incorporated by reference herein (including 
drawings). 

10 Example 90: Synthesis of Nucleoside 5 , -Deoxy>5 > - 
difluoromethvlphosphonates 

Referring to Fig. 87 . we synthesized a suitable glycosylating agent 
from the known. D-ribose a,a-difluoromethy1phosphonate (4) (Martin et a/., 
Tetrahedron Lett. 1992, 33, 1839-1842) which served as a key 
15 intermediate for the synthesis of nucleoside 5*- 
difluoromethylphosphonates. 

Methyl 2,3-0 - isop ropy lid ene-p-D-ribofura nose a,a- 
difluoromethylphosphonate (4) was synthesized from the 5-aIdehyde 
according to the procedure of Martin et at. (Tetrahedron Lett. 1992, 33, 

20 1839-1842) (Figure 87). Removal of the isopropylidene group was 
accomplished under mild conditions (l 2 -MeOH, reflux, 18 h (Szarek et ai, 
Tetrahedron Lett. 1986, 27, 3827) or Dowex 50 WX8 (H + ), MeOH, RT 
(about 20-25°C), 3 days) in 72% yield. The anomeric mixture thus 
obtained was benzoyiated with benzoyl chloride/pyridine to afford the 2,3- 

25 di-O-benzoyl derivative, which was subjected to mild acetolysis conditions 
(Walczak eta/., Synthesis, 1993, 790-792) (Ac 2 0, AcOH, H 2 S0 4 , EtOAc, 
0°C. The desired 1-0-acetyl-2,3-di-0-benzoyl-D-ribofuranose 
difluoromethylphosphonate (5) was obtained in quantitative yield as an 
anomeric mixture. These derivatives were used for selective glycosylation 

30 of silylated uracil and N 4 -acetylcytosine under Vorbruggen conditions 
(Vorbruggen, Nucleoside Analogs. Chemistry, Biology and Medical 
Applications, NATO ASI Series A, 26, Plenum Press, New York, London, 
1980; pp. 35-69. The use of F 3 CS0 2 OSi(CH3)3 as a glycosylation 
catalyst is precluded because it is expected to lead to the undesired 1- 

35 ethyluracil or 9-ethyladenine byproducts: Podyukova, et a/., Tetrahedron 
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Lett 1987, 28, 3623-3626 and references cited therein) (SnCl4 as a 
catalyst, boiling acetonitriie) to yield p-nucleosides (62% 6a, 75% 6b). 
Glycosylation of silylated N 6 -benzoyladenine under the same conditions 
yielded a mixture of N-9 isomer 6c and N-7 isomer 7 in 34% and 15% 

5 yield, respectively. The above nucleotides were successfully deprotected 
using trimethylsilylbromide for the cleavage of the ethyl groups, followed by 
treatment with ammonia-methanol to remove the acyl protecting groups. 
Nucleoside S'-deoxy-S'-difluoromethylphosphonates 8 were finally 
purified on a DEAE Sephadex A-25 (HC0 3 ~) column using a 0.01-0.25 M 

1 0 TEAB gradient for elution and obtained as their sodium salts (82% 8a; 87% 
8b; 82% 8c), 

Selected analytical data: 31 P-NMR ( 31 P) and 1 H-NMR ( 1 H) were 
recorded on a Varian Gemini 400. Chemical shifts in ppm refer to H3PO4 
and TMS, respectively. Solvent was CDCI3 unless otherwise noted. 5: 1 H 

15 8 8.07-7.28 (m, Bz), 6.66 (d, J 1(2 4.5, aHl), 6.42 (s, PH1), 5.74 (d, J 2|3 4.9, 
PH2), 5.67 (dd, J 32 4.9, J 34 6.6, pH3), 5.63 (dd. J 32 6.7, J 3 4 3.6, aH3). 
5.57 (dd, J 2t i 4.5, J 2 3 6.7, aH2), 4.91 (m, H4), 4.30 (m, Cf£CH 3 ), 2.64 (m, 
CH 2 CF 2 ), 2.18 (s, pAc), 2.12 (s, aAc), 1.39 (m, CH 2 CW 3 ). 31 P 5 7.82 (t, 
Jp p 105.2), 7.67 (t. J P F 106.5). 6a: 1 H 8 9.11 (s, 1H, NH), 8.01 (m, 11H, 

20 Bz! H6), 5.94 (d, J r 2 ' 4.1, 1H, HI'), 5.83 (dd, J 5 6 8.1, 1H, H5). 5.79 (dd, 

J 2\V 4 - 1 « J 2',3' 6 - 5 - 1H » H2 ')« 571 ( dd - J 3\2' 6 - 5 » J 3 , ,4' 6.4, 1H, H3*). 4.79 
(dd, J 4 . 3. 6.4, J 4 - F 11.6, 1H t H4*), 4.31 (m, 4H, CH 2 CH 3 ), 2.75 (tq, Jh,F 
19.6, 2H, CH 2 CF 2 ), 1.40 (m, 6H, CH 2 CH 3 ). 31 P 8 7.77 (t, Jp F 104.0). 8c: 
31 P (vs DSS) (D 2 0) 6 5.71 (t, J P F 87.9). 

25 Compound 7 was deacylated with methanolic ammonia yielding the 

product that showed (H 2 0) 271 nm and X^ n 233 nm, confirming that 
the site of glycosylation was N-7. 

Example 91:Synthesis of Nucleic Acids Containing Modified Nucleotide 
Containing Cores 

30 The method of synthesis used follows the procedure for normal RNA 

synthesis as described in Usman et a/., J. Am. Chem. Soc. 1987, 109, 
7845-7854 and in Scaringe et at., Nucleic Acids Res. 1990, 18, 5433-5441 
and makes use of common nucleic acid protecting and coupling groups, 
such as dimethoxytrityl at the 5'-end, and phosphoramidites at the 3'-end 

35 (Figure 88 and Janda et a/., Science 1989, 244:437-440.). These 
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nucleoside S'-deoxy-S'-difiuoromethylphosphonates may be incorporated 
not only into hammerhead ribozymes, but also into hairpin, hepatitis delta 
virus, Group 1 or Group 2 introns, or into antisense oligonucleotides; They 
are, therefore, of general use in any nucleic acid structure. 

5 Example 92: Synthesis of Modified Triphosphate 

The triphosphate derivatives of the above nucleotides can be formed 
as shown in pig. 89 . according to known procedures. Nucleic Acid Chem., 
Leroy B. Townsend, John Wiley & Sons, New York 1991, pp. 337-340; 
Nucleotide Analogs, Karl Heinz Scheit; John Wiley & Sons New York 1980, 
10 pp. 211-218. 

Equivalent synthetic schemes for 3' dihalophosphonates are shown in 
Figures 90 and 91 using art recognized nomenclature. The conditions can 
be optimized by standard procedures. 

The nucleoside dihalophosphonates described herein are 
1 5 advantageous as modified nucleotides in any nucleic acid structure, e.g., 
catalytic or antisense, since they are resistant to exo- and endonucleases 
that normally degrade unmodified nucleic acids in vivo. They also do not 
perturb the normal structure of the nucleic acid in which they are 
incorporated thereby maintaining any activity associated with that structure. 
20 These compounds may also be of use as monomers as antiviral and/or 
antitumor drugs. 

Oligonucleotides with Amido or Peptido Modification 

This invention replaces 2'-hydroxyl group of a ribonucleotide moiety 
with a 2'-amido or 2 , -peptido moiety. In other embodiments, the 3' and 5' 
25 portions of the sugar of a nucleotide may be substituted, or the phosphate 
group may be substituted with amido or peptido moieties. Generally, such 
a nucleotide has the general structure shown in Formula I below: 
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F ORMULA 1 

The base (B) is any one of the standard bases or is a modified 
nucleotide base known to those in the art, or can be a hydrogen group. In 
5 addition, either R-j or R£ is H or an alkyl, alkene or alkyne group containing 
between 2 and 10 carbon atoms, or hydrogen, an amine (primary, 
secondary or tertiary, e^, R3NR4 where each R3 and R4 independently is 
. hydrogen or an alkyl, alkene or alkyne having between 2 and 10 carbon 
atoms, or is a residue of an amino acid, Le^, an amide), an alkyl group, or 
10 an amino acid (D or L forms) or peptide containing between 2 and 5 amino 
acids. The zigzag lines represent hydrogen, or a bond to another base or 
other chemical moiety known in the art. Preferably, one of R-j, R2 and R3 is 
an H, and the other is an amino acid or peptide. 

Applicant has recognized that RNA can assume a much more 
15 complex structural form than DNA because of the presence of the 2'- 
hydroxyl group in RNA. This group is able to provide additional hydrogen 
bonding with other hydrogen donors, acceptors and metal ions within the 
RNA molecule. Applicant now provides molecules which have a modified 
amine group at the 2' position, such that significantly more complex 
20 structures can be formed by the modified oiigonucleotide. Such 
modification with a 2'-amido or peptido group leads to expansion and 
enrichment of the side-chain hydrogen bonding network. The amide and 
peptide moieties are responsible for complex structural formation of the 
oligonucleotide and can form strong complexes with other bases, and 
25 interfere with standard base pairing interactions. Such interference will 
allow the formation of a complex nucleic acid and protein conglomerate. 
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Oligonucleotides of this invention are significantly more stable than 
existing oiigonucleotides and can potentially form biologically active 
bioconjugates not previously possible for oligonucleotides. They may also 
be used for in vitro selection of unique aptamers, that is, randomly 
5 generated oligonucleotides which can be folded into an effective ligand for 
a target protein, nucleic acid or polysaccharide. 

Thus, In one aspect, the invention features an oligonucleotide 
containing the modified base shown in Formula I, above. 

In other aspects, the oligonucleotide may include a 3' or 5* nucleotide 
10 having a 3' or 5' located amino acid or aminoacyl group. In all these 
aspects, as well as the ^-modified nucleotide, it will be evident that various 
standard modifications can be made. For example, an "O" may be 
replaced with an S, the sugar may lack a base (i.e., abasic) and the 
phosphate moiety may be modified to include other substitutions (see 
15 Sproat, supra). 

Example 93: General procedure for the prep aration of g-aminoacyl-g'- 
deoxv-2'-aminonucleoside conjugates. 

Referring to Fig. 92. to the solution of 2'-deoxy-2'-amino nucleoside (1 
mmol) and N-Fmoc L- (or D-) amino acid (1 mmol) in methanol 

20 [dimethylformamtde (DMF) and tetrahydrofuran (THF) can also be used], 1- 
ethoxycarbonyl-2-ethoxy-1 ,2-dihydroquinoline (EEDQ) [or 1- 
isobutyloxycarbony1-2-isobutyloxy-1,2-dihydroquinoline (IIDQ)] (2 mmol) is 
added and the reaftion mixture is stirred at room temperature or up to 50 
'C from 3-48 hours. Solvents are removed under reduced pressure and 

25 the residual syrup is chromatographed on the column of silica-gel using 1- 
10 % methanol in dichloromethane. Fractions containing the product are 
concentrated yielding a white foam with yields ranging from 85 to 95 %. 
Structures are confirmed by 1 H NMR spectra of conjugates which show 
correct chemical shirts for nucleoside and aminoacyl part of the molecule. 

30 Further proofs of the structures are obtained by cleaving the aminoacyl 
protecting groups under appropriate conditions and assigning NMR 
resonances" for the fully deprotected conjugate. 

Partially protected conjugates described above are converted into 
their 5'-0-dimethoxytrityl derivatives and into 3'-phosphoramidites using 
35 standard procedures (Oligonucleotide Synthesis: A Practical Approach, 
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MJ. Gait ed.; IRL Press, Oxford, 1984). Incorporation of these 
phosphoramidites into RNA was performed using standard protocols 
(Usman etai t 1987 supra). 

A general deprotection protocol for oligonucleotides of the present 
5 invention is described in Fig. 93 , 

The scheme shows synthesis of conjugate of 2 , -d-2'-aminouridine. 
This is meant to be a non-limiting example, and those skilled in the art will 
recognize that, variations to the synthesis protocol can be readily 
generated to synthesize other nucelotides (e.g., adenosine, cytidine, 
10 guanosine) and/or abasic moieties. 

Example 94: RNA cleavage by hammerhead ribozvmes containing 2'- 
aminoacvl modifications. 

Hammerhead ribozymes targeted to site N (see Fig. 94) are 
synthesized using solid-phase synthesis, as described above. U4 and U7 
15 positions are modified, individually or in combination, with either 2'-NH- 
alanine or 2'-NH-lysine. 

RNA cleavage assay in vitro: Substrate RNA is 5' end-labeled using 
[ r 32pj ajp anc j 74 polynucleotide kinase (US Biochemicals). Cleavage 
reactions were carried out under ribozyme "excess" conditions. Trace 

20 amount (£ 1 nM) of 5' end-labeled substrate and 40 nM unlabeled 
ribozyme are denatured and renatured separately by heating to 90°C for 2 
min and snap-cooling on ice for 10-15 min. The ribozyme and substrate 
are incubated, separately, at 37°C for 10 min in a buffer containing 50 mM 
Tris-HCI and 10 mM MgCl2. The reaction is initiated by mixing the 

25 ribozyme and substrate solutions and incubating at 37°C. Aliquots of 5 
are taken at regular intervals of time and the reaction is quenched by 
mixing with equal volume of 2X formamide stop mix. The samples are 
resolved on 20 % denaturing polyacrylamide gels. The results are 
quantified and percentage of target RNA cleaved is plotted as a function of 

30 time. 

Referring to Fig. 95. hammerhead ribozymes containing 2'-NH~ 
alanine or 2'-NH-lysine modifications at U4 and U7 positions cleave the 
target RNA efficiently. 
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Sequences listed in Figure 94 and the modifications described in 
Figure 95 are meant to be non-limiting examples. Those skilled in the art 
will recognize that variants (base-substitutions, deletions, insertions, 
mutations, chemical modifications) of the ribozyme and RNA containing 
5 other 2 4 -hydroxyl group modifications, including but not limited to amino 
acids, peptides and cholesterol, can be readily generated using techniques 
known in the art, and are within the scope of the present invention. 

Example 95: Aminoacylation of 3'-ends of RNA 

I. Referring to Fio. 96, 3'-OH group of the nucleotide is converted to 
1 0 succinate as described by Gait, supra. This can be linked with amino-alkyl 
solid support (for example: CpG). Zig-zag line indicates linkage of 3'OH 
group with the solid support. 

L Preparation of aminoacvl-derivatized solid support 

A) Synthesis of ODimethoxvtritvl fO-DMT) amino acids 

15 Referring to Fia. 97. to a solution of L- (or D-) serine, tyrosine or 

threonine (2 mmol) in dry pyridine (15 ml) 4,4 , -dimethoxytrityI chloride (3 
mmol) is added and the reaction mixture is stirred at RT (about 20-25°C) for 
16 h. Methanol (10 ml) is then added and the solution evaporated under 
reduced pressure. The residual syrup was partitioned between 5% aq. 

20 NaHC03 and dichloromethane, organic layer was washed with brine, dried 
(Na2S04) and concentrated in vacuo. The residue is purified by flash 
silicagel column chromatography using 2-10% methanol in 
dichloromethane (containing 0.5 % pyridine). Fractions containing product 
are combined and concentrated in vacuo to yield white foam (75-85 % 

25 yield). 

B) Preparation of the solid support and its derivatization with amino acids 

Referring to Fig. 97, the modified solid support (has an OH group 
instead of the standard NH2 end group) was prepared according to 
Haralambidis et a!., Tetrahedron Lett. 1987, 28, 5199, (P denotes 
30 aminopropyl CPG or polystyrene type support). O-DMT or NH- 
monomethoxytrityl (NH-MMT amino acid was attached to the above solid 
support using standard procedures for derivatization of the solid support 
(Gait, 1984, supra) creating a base-labile ester bond between amino acids 
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and the support. This support is suitable for the construction of RNA/DNA 
chain using suitably protected nucleoside phosphoramidites. 

Example 96: Aminoacylatfon of Spends of RNA 

I. Referring to Fig. 98. 5-amino-containing sugar moiety was 
5 synthesized as described (Mag and Engels, 1989 Nucleic Acids Res. 17, 

5973). Aminoacylation of the 5'-end of the monomer was achieved as 
described above and RNA phosphoramidite of the 5-aminoacylated 
monomer was prepared as described by Usman et al., 1987 supra. The 
phosphoramidite was then incorporated at the 5'-end of the oligonucleotide 
1 0 using standard solid-phase synthesis protocols described above. 

II. Referring to Rg. 99. aminoacyl group(s) is attached to the phosphate 
group at the 5'-end of the RNA using standard procedures described 
above, 

VII. Reversing Genetic Mutations 

1 5 Modification of existing nucleic acid sequences can be achieved by 

homologous recombination. In this process a transfected sequence 
recombines with homologous chromosomal sequences and can replace 
the endogenous cellular sequence. Boggs, 8 International J. Cell Cloning 
80, 1990, describes targeted gene modification. It reviews the use of 

20 homologous DNA recombination to correct genetic defects. Banga and 
Boyd, 89 Proc. Natl. Acad. ScL U.S.A. 1735, 1992, describe a specific 
example of In vivo site-directed mutagenesis using a 50 base 
oligonucleotide. In this methodology a gene or gene segment is 
essentially replaced by the oligonucleotide used. 

25 This invention uses a complementary oligonucleotide to position a 

nucleotide base changing activity at a particular site on a gene (RNA or 
genomic DNA), such that the nucleotide modifying activity will change (or 
revert) a mutation to wild-type, or its equivalent. By reversion or change of 
a mutation, we refer to reversion in a broad sense, such as when a 

30 mutation at a second site which leads to functional reversion to a wild type 
phenotype. Also, due to the degeneracy of the genetic code, a revertant 
may be achieved by changing any one of the three codon positions. 
Additionally, creation of a stop codon in a deleterious gene (or transcript) is 
defined here as reverting a mutant phenotype to wild-type. An example of 
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this type of reversion is creating a stop codon in a critical HIV proviral gene 
in a human. 

Referring to Figures 100 and 101 . broadly there are two approaches 
to causing a site directed change in order to revert a mutation to wild-type. 
5 In one (Fig. 100) the oligonucleotide is used to target RNA specifically. 
RNA is provided with a complementary (Watson-crick) oligonucleotide 
sequence to that in the target molecule. In this case the sequence 
modifying oligonucleotide would (analogously to an antisense 
oligonucleotide or ribozyme) have to be continuously present to revert the 
10 RNA as it Is made by the cell. Such a reversion would be transient and 
would potentially require continuous addition of more sequence modifying 
oligonucleotide. The transient nature of this approach is an advantage, in 
that treatment could be stopped by simply removing the sequence 
modifying oligonucleotide (as with a traditional drug). 

1 5 A second approach targets DN A (Fig. 101) and has the advantage 

that changes may be permanently encoded In the target cell's genetic 
code. Thus, a single course (or several courses) of treatment may lead to 
permanent reversion of the genetic disease. If inadvertent chromosomal 
mutations are introduced this may cause cancer, mutate other genes, or 

20 cause genetic changes in the germ-line (in patients of reproductive age). 
However, if the base changing activity is a specific methylation that may 
modulate gene expression it would not necessarily lead to germ-line 
transmission. See Lewin, Genes. 1983 John Wilely & Sons, Inc. NY pp 
493-496. 

25 Complementary base pairing to single-stranded DNA or RNA is one 

method of directing an oligonucleotide to a particular site of DNA. This 
could occur by a strand displacement mechanism or by targeting DNA 
when it is single-stranded (such as during replication, or transcription). 
Another method is using triple-strand binding (triplex formation) to double- 

30 stranded DNA, which is an established technique for binding poly- 
pyrimidine tracts, and can be extended to recognize all 4 nucleotides. See 
Povsic, T., Strobel, S., & Dervan, P. (1992). Sequence-specific double- 
strand alkylation and cleavage of DNA mediated by triple-helix formation. 
J. Arrt, Chem. $oc. 114, 5934-5944 (1992). Knorre, D.G., Valentin, V.V., 

35 Valentina, F.Z., Lebedev, A.V. & Federova, O.S. Design and targeted 
reactions of oiigonucleotide derivatives 1-366 (CRC Press, Novosibirsk, 
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1993) describe conjugation of reactive groups or enzyme to 
oligonucleotides and can be used in the methods described herein. 

Recently, antisense oligonucleotides have been used to redirect an 
incorrect splice into order to obtain correct splicing of a splice mutant gfobin 
5 gene in vitro. Dominski Z; Kole R (1993) Restoration of correct splicing in 
thalassemia pre-mRNA by antisense oligonucleotides. Proc Natl Acad Sci 
USA 90:8673-7. Analogously, in one preferred embodiment of this 
invention a complementary oligomer is used to correct an existiing mutant 
RNA, instead of the traditional approach of inhibiting that RNA by 
10 antisense. 

In either the RNA or DNA mode, after binding to a particular site on the 
RNA or DNA the oligonucleotide will modify the nucleic acid sequence. 
This can be accomplished by activating an endogenous enzyme (see 
Figure 1Q2), by appropriate positioning of an enzyme (or ribozyme) 
15 conjugated (or activated by the duplex) to the oligonucleotide, or by 
appropriate positioning of a chemical mutagen. Specific mutagens, such as 
nitrous acid which deaminates C to U, are most useful, but others can also 
be used if inactivation of a harmful RNA is desired. 

RNA editing is an naturally occurring event in mammalian cells in 
20 which a sequence modifying activity edits a RNA to its proper sequence 
post-transcriptionally. Higuchl, M.„ Single, F., Kohler, M., Sommer, B., and 
Seeburg, P. (1993) RNA Editing of AMPA Receptor Subunit GluR-B: A 
base-paired intron-exon structure determines position and efficiency CeU 
75:1361-1370. The machinery involved in RNA editing can be co-opted by 
25 a suitable oligonucleotide in order to promote chemical modification. 

The changes in the base created by the methods of this invention 
cause a change in the nucleotide sequence, either directly, or after DNA 
repair by normal cellular mechanisms. These changes functionally correct 
a genetic defect or introduce a stop codon. Thus, the invention is distinct 
30 from techniques in which an active chemical group (e.g., an alkylator) is 
attached to an antisense or triple strand oligonucleotide in order to 
chemically inactivate the target RNA or DNA. 

Thus, this invention creates an alteration to an existing base in a 
nucleic acid molecule so that the base is read in vivo as a different base. 
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This includes correcting a sequence instead of inactivating a gene but can 
also include inactivating a deleterious gene. 

Thus, in one aspect, the invention features a method for altering in 
vivo the nucleotide base sequence of a naturally occurring mutant nucleic 

5 acid molecule. The method includes contacting the nucleic acid molecule 
in vivo with an oligonucleotide or peptide nudeic acid or other sequence 
specific binding molecules able to form a duplex or triplex molecule with 
the nucleic acid molecule. After formation of the duplex or triplex molecule 
a base modifying activity chemically or enzyrnatically alters the targeted 

10 base directly, or after nucleic acid repair in vivo. This results in the 
functional alteration of the nucleic acid sequence. 

By "alter*, as it is used in this context, is meant that one or more 
chemical moieties in a targeted base, or bases, is altered so that the mutant 
nucleic acid will be functionally different. Thus, this is distinct from prior 

1 5 methods of correcting defects In DNA, such as homologous recombination, 
in which an entire segment of the targeted sequence is replaced with a 
segment of DNA from the transfected nucleic acid. This is also distinct from 
other methods that use reactive groups to inactivate a RNA or DNA target, 
in that this method functionally corrects the sequence of the target, instead 

20 of merely damaging it, by causing it to be read by a polymerase as a 
different base from the original base. As noted above, the naturally 
occurring enzymes in a cell can be utilized to cause the chemical 
alteration, examples of which are provided below. 

By "functionally alter 1 ' is meant that the ability of the target nucleic acid 
25 to perform its normal function (/.e.., transcription or translation control) is 
changed. For example, an RNA molecule may be altered so that it can 
cause production of a desired protein, or a DNA molecule can be altered 
so that upon DNA repair, the DNA sequence is changed. 

By -mutant" it is meant a nucleic acid molecule which is altered in 
30 some way compared to equivalent molecules present in a normal 
individual. Such mutants may be well known in the art, and include, 
molecules present in individuals with known genetic deficiencies, such as 
muscular dystrophy, or diabetes and the like. It also includes individuals 
with diseases or conditions characterized by abnormal expression of a 
35 gene, such as cancer, thalassemia's and sickle cell anemia, and cystic 
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fibrosis. It allows modulation of lipid metabolism to reduce artery disease, 
treatment of integrated AIDS genomes, and AIDs RNA, and Alzeimer's 
disease. Thus, this invention concerns alteration of a base in a mutant to 
provide a "wild type" phenotype and/or genotype. For deleterious 
5 conditions this involves altering a base to allow expression or prevent 
expression as is necassary. When treating an infection, such as HIV, it 
concerns inactivation of a gene in the HIV RNA by mutation of the mutant 
(i.e., non-human gene) to a wild type (i.e., no production of a non-human 
protein). Such modification is performed in trans rather than in as as in 
1 0 prior methods. 

In preferred embodiments, the oligonucleotide is of a length (at least 
12 bases, preferably 17-22) sufficient to activate dsRNA deaminase in 
vivo to cause conversion of an adenine base to inosine; the 
oligonucleotide is an enzymatic nucleic acid molecule that is active to 
15 chemically modify a base (see below); the nucleic acid molecule is DNA or 
RNA; the oligonucleotide includes a chemical mutagen, e.g., the mutagen 
is nitrous acid; and the oligonucleotide causes deamination of 5- 
methylcytosine to thymidine, cytosine to uracil, or adenine to inosine, or 
methtylation of cytosine to 5-methylcytosine. 

20 In a most preferred embodiment, the invention features correction of a 

mutation, rather than inactivation of a target by causing a mutation. 

Using in vitro directed evolution, it is possible to screen, for ribozymes 
with catalytic activities different than RNA cleavage. Bartel, D. and 
Szostak, J. (1993) Isolation of new ribozymes from a large pool of random 

25 sequences. Science 261:1411-1418. Using these methods of in vitro 
directed evolution, an enzymatic nucleic acid molecule, or ribozyme that 
mutates bases, instead of cleaving the phosphodiester backbone can be 
selected. This is a convenient method of obtaining an enzyme with the 
appropriate base sequence modifying activities for use in the present 

30 invention. 

Sequence modifying activities can change one nucleotide to another 
(or modify a nucleotide so that it will be repaired by the cellular machinery 
to another nucleotide). Sequence modifying activities could also delete or 
add one or more nucleotides to a sequence. A specific embodiment of 
35 adding sequences is described by Sullenger and Cech, PCT/US94/12976 
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hereby incorporated by reference herein), in which entire exons with wild- 
type sequence are spliced into a mutant transcript. The present invention 
features only the addition of a few bases (1 - 3). 

Thus, in another aspect, the invention features ribozymes or 
5 enzymatic nucleic acid molecules active to change the chemical structure 
of an existing base in a separate nucleic acid molecule. Applicant is the 
first to determine that such molecules would be useful, and to provide a 
description of how such molecules might be isolated. 

Molecules used to achieve in situ reversion can be delivered using 
10 the existing means employed for delivering antisense molecules and 
ribozymes, including liposomes and cationic lipid complexes. If the in situ 
reverting molecule is composed only of RNA, then expression vectors can 
be used in a gene therapy protocol to produce the reverting molecules 
endogenously, analogously to antisense or ribozymes expression vectors. 
15 There are several advantages of using such an expression vector, rather 
than simply replacing the gene through standard gene therapy. Firstly, this 
approach would limit the production of the corrected gene to cells that 
already express that gene. Furthermore, the corrected gene would be 
properly regulated by its natural transcriptional promoter. Lastly, reversion 
20 can be used when the mutant RNA creates a dominant gain of function 
protein (e.g., in sickle cell anemia), where correction of the mutant RNA is 
necessary to stop the production of the deleterious mutant protein, and 
allow production of the corrected protein. 

Endogenous Mammalian RNA Editing System 

25 It was observed in the mid-1980s that the sequence of certain cellular 

RNAs were different from the DNA sequence that encodes them. By a 
process called RNA editing, cellular RNA are post-transcriptionally 
modified to a) create a translation initiation and termination codons, b) 
enable tRNA and rRNA to fold into a functional conformation (for a review 

30 see Bass, B. L (1993) In The RNA Worid. R. Gesteiand, R. and Atkins, J. 
eds. (Cold Spring Harbor, New York; CSH Lab. Press) pp. 383-418). The 
process of RNA editing includes base modification, deletion and insertion 
of nucleotides. 

Although, the RNA editing process is widespread among lower 
35 eukaryotes, very few RNAs (four) have been reported to undergo editing in 
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mammals (Bass, supra). The predominant mode of RNA editing in 
mammalian system is base modification (C -* U and A -> 6). The 
mechanism of RNA editing in the mammalian system is postulated to be 
that C->U conversion is catalyzed by cytidine deaminase. The mechanism 
5 of conversion of A-»G has recently been reported for glutamate receptor B 
subunit (gluR-B) in rat PC12 cells (Higuchi, M. et al. (1993) £ell 75, 1361- 
1370). According to Higuchi g!uR-B mRNA precursor attains a structure 
such that intron 1 1 and exon 1 1 can form a stable stem-loop structure. This 
stem-loop structure is a substrate for a nuclear double strand-specific " 
10 adenosine deaminase enzyme. The deamination will result in the 
conversion of A-*l. Reverse transcription followed by double strand 
synthesis will result in the incorporation of G in place of A. 

In the present invention, the endogenous deaminase activity or other 
such activities can be utilized to achieve targeted base modification. 

1 5 The following are examples of the invention to illustrate different 

methods by which in vivo conversion of a base can be achieved. These 
are provided only to clarify specific embodiments of the invention and are 
not limiting to the invention. Those in the art will recognize that equivalent 
methods can be readily devised within the scope of the claims. 

20 Example 97: Exploiting cellular dsRNA dependent Adenine to Inosine 
converter: 

An endogenous activity in most mammalian cells and Xenopus 
oocytes converts about 50% of adenines to inosines in double stranded 
RNA. (Bass, B. L, & Weintraub, H. (1988). An unwinding activity that 

25 covalently modifies it double-stranded RNA substrate. Cell r 55. 1089- 
1098.). This activity can be used to cause an in situ reversion of a 
mutation at the RNA level. Referring to Figures 102 and 104, for 
demonstration purposes a stop codon is incorporated into the coding 
region of dystrophin, which is fused to the reporter gene luciferase. This 

30 stop codon can be reverted by targeting an antisense RNA which is long 
enough to activate the dsRNA deaminase, which converts Adenines to 
Inosines. The A to I transition will be read by the ribosome as an A to G 
transition in some cases and will thereby functionally revert the stop codon. 
While other A 4 s in this region may be converted to I's and read as G, 

35 converting an A to I (G) cannot create a stop codon. The A to I transitions 
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mutations, however, the function of the dystrophin protein is rarely 
inactivated by point mutations. 

The reverted mRNA was then translated in a cell lysate and assayed 
5 for luciferase activity. As evidenced by the dramatic increase in luciferase 
counts in the graph in figure 103, the A to I transition was read by the 
ribosome as an A to G transition and the stop codon has successfully been 
reverted with the lysate treated complex. As a control, an irrelevant non- 
complementary RNA oligonucleotide was added to the 
10 dystrophin/luciferase mRNA. As expected, in this case no translation 
(luciferase activity) is observed because of the stop codon. As an 
additional control, the hybrid was not treated with extract, and again no 
translation (luciferase activity) is observed (Figure 103). 

While other A*s in the targeted region may have been converted to I's 
1 5 and read as G, converting an A to I (G) cannot create a stop codon, so the 
ribosome will still read through the region. Dystrophin is not generally 
sensitive to point mutations if the open reading frame is maintained, so a 
dystrophin protein made from an mRNA reverted by this method should 
retain full activity. 

20 The following detail specifics of the methodology: RNA 

oligonucleotides were synthesized on a 394 (ABI) synthesizer using 
phosphoramidite chemistry. The sequence of the synthetic complementary 
RNA that binds to the mutant dystrophin sequence is as follows (5' to 3'): 

CCCGCGGTAG^TCTTTCTGGAGGCTTACAGTTTTCTACAAACCTCC 
25 CTTCAAA (Seq. ID No. 1) 

Referring to Figure 104. fifty-nine base pairs of a human dystrophin 
mutant sequence containing a stop codon was fused in frame to the 
luciferase coding region using standard cloning technology, into the Hind 
III and Not I sites of pRC-CMV (Invitrogen. San Diego, CA). The AUG of 
30 luciferase was deleted. The sequences of the insert from the Hind 111 site to 
the start of the luciferase coding region is (5' to 3'): 

GCCCCTGAGGAGCGATGGAGGCCTTGAAGGGAGGTTTGTGGAAAA 
CTGTAAGCCTCCAGAAAGATCTACCGCGG (Seq ID No. 2) 
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This corresponds to base pairs 3649-3708 of normal dystrophin 
(Entrez ID # 31 1627) with a Sac II site at the 3' end. This plasmid was used 
as a template for in vitro transcription of mRNA using T7 polymerase with 
the manufacturers protocol (Promega, Madison, Wl). 

6 Xenopus nuclear extracts were prepared in 0.5X TGKED buffer (0.5X= 

25mM Tris (pH 7.9), 12.5% glycerol, 25 mM KCI, 0.25mM DTT and 0.05mM 
EDTA), by vortexing nuclei and resuspended in a volume of 0.5X TGKED 
equal to total cytoplasm volume of the oocytes. Bass, B.L & Weintraub, H. 
Ce//55, 1089-1098 (1988). 

10 The target mRNA at 500ng/ul was pre-annealed to 1 micromolar 

complementary or irrelevant RNA oligonucleotide by heating to 70°C, and 
allowing it to slowly cool to 37°C over 30 minutes. Fifty nanograms of 
mRNA pre-annealed to the RNA oligonucleotides was added to 7ul of 
nuclear extracts containing 1mM ATP, 15mM EDTA, 1600un/ml RNasin 

15 and 12.5mM Tris pH 8 to a total volume of 12ul. Bass, B.L. & Weintraub, H. 
supra. This mixture, which contains the dsRNA deaminase activity, was 
incubated for 30 minutes at 25°C. Next, 1 .5ul of this mixture was added to 
a rabbit reticulocyte lysate in vitro translation mixture and translated for two 
hours according to the manufacturers protocol (Life Technologies, 

20 Gaithersberg, MD), except that an additional 1.3 mM magnesium acetate 
was added to compensate for the EDTA carried through from the nuclear 
extract mixture. Luciferase assays were performed on 15ul of extract with 
the Promega luciferase assay system (Promega, Madison, Wl), and 
luminescence was detected with a 96 well luminometer, and the results are 

25 displayed in the graph in figure 102. 

Example 98: Base changing activities 

The chemical synthesis of antisense and triple-strand forming 
oligomers conjugated to reactive groups is well studied and characterized 
(Knorre, D.G., Valentin, V.V., Valentina, F.2., Lebedev, A.V. & Federova, 

30 O.S. Design and targeted reactions of oligonucleotide derivatives 1-366 
(CRC Press, Novosibirsk, 1993) and Povsic, T., Strobel, S. & Dervan, P. 
Sequence-specific double-strand alkylation and cleavage of DNA 
mediated by triple-helix formation J. Am. Chem. Soc. 114, 5934-5944 
(1992). Reactive groups such as alkylators that can modify nucleotide 

35 bases in targeted RNA or DNA have been conjugated to oligonucleotides. 
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Additionally enzymes that modify nucleic acids have been conjugated to 
oligonucleotides. (Knorre, D.G M Valentin, V.V., Valentina, RZ M Lebedev, 
A.V. & Federova, O.S. Design and targeted reactions of oligonucleotide 
derivatives 1-366 (CRC Press, Novosibirsk, 1993). In the past these 
5 conjugated chemical groups or enzymes have been used to inactivate 
DNA or RNA that is specifically targeted by antisense or triple-strand 
interactions. Below is a list of useful base changing activities that could be 
used to change the sequence of DNA or RNA targeted by antisense or 
triple strand interactions, in order to achieve in situ reversion of mutations, 
1 0 as described herein (see figure 100104) . 

1. Deamination of 5-methylcytosine to create thymidine 
(performed by the enzyme cytidine deaminase (Bass, B.L in The RNA 
World (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 1993). 
Also, nitrous acid or related compounds promote oxidative deamination of 
15 C to be read at T(Microbial Genetics, David Freifelder, Jones and Bartlett 
Publishers, Inc., Boston,1987, PP.226-230.). Additionally hydroxyzine 
or related compounds can transform C to be read at T (Microbial Genetics, 
David Freifelder, Jones and Bartlett Publishers, Inc., Boston, 1987, PP.226- 
230.) 

20 2. Deamination of cytosine to create uracil (performed by the 

enzyme cytidine deaminase (Bass, B.L. in The RNA World (Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, 1993) or by chemical 
groups similar to nitrous acid that promote oxidative deamination (Microbial 
Genetics, David Freifelder, Jones and Bartlett Publishers, Inc., 

25 Boston,1987, PP.226-230.) 

3. Deamination of Adenine to be read like G (Inosine) (as done 
by the adenosine deaminase, AMP deaminase or the dsRNA deaminating 
activity ( Bass, B.L. in The RNA World (Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, 1993). 

30 4. Methylation of cytosine to 5-methylcytosine 

5. Transforming thymidine (or uracil) to 0 2 -methyl thymidine (or 
0 2 -methyl uracil), to be read as cytosine by aikynitrosoureas (Xu, and 
Swann, Tetrahedron Letters 35:303-306 (1994)), 
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6. Transforming guanine to 6-O-methyl (or other alkyls) to be 
read as adenine (Mehta and Ludlum, Biochimica et Biophysica Acta, 
521:770-778 (1978) which can be done with the mutagen ethyl methane 
sulfonate (EMS) Microbial Genetics, David Freifelder, Jones and Bartlett 

5 Publishers, Inc., Boston.1987, PP.226-230. 

7. Amination of uracil to cytosine (as performed by the cellular 
enzyme CTP synthetase (Bass, B.L in The RNA World (Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, 1993). 

The following are examples of useful chemical modifications that can 
10 be utilized in the present invention. There are a few preferred 
straightforward chemical modifications that can change one base to 
another base. Appropriate mutagenic chemicals are placed on the 
targetting oligonucleotide, e.g., nitrous acid, or a suitable protein with such 
activity. Such chemicals and proteins can be attatched by standard 
15 procedures. These include molecules which introduce fundamental 
chemical changes, that would be useful independent of the particular 
technical approach. See Lewin, Genes. 1983 John Wilely & Sons, Inc. NY 
pp 42-48. 

The following matrix shows that the chemical modifications noted can 
20 cause transversion reversions (pyrimidine to pyrimidine, or purine to 
purine) in RNA or DNA. The transversions (pyrimidine to purine, or purine 
to pyrimidine) are not preferred because these are more difficult chemical 
transformations. The footnotes refer to the specific desired chemical 
transformations. The bold footnotes refer to the reaction on the opposite 
25 DNA strand. For example, if one desires to change an A to a G, this can be 
accomplished at the DNA level by using reaction #5 to change a T to a C in 
the opposing strand. In this example an A/T base pair goes to A/C , then 
when the DNA is replicated, or mismatch repair occurs this can become 
G/C, thus the original A has been converted to a G. 

30 ISR matrix 

Reverted Base 

Mutant base A T(U) C G 
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1 Deamination of 5-methytcytosine to create thymidine. 

2 Deamination of cytosine to create uracil. 

3 Deamination of Adenine to be read like G (inosine). 
5 4 Methylation of cytosine to 5-methylcytosine. 

5 Transforming thymidine (or uracil) to O^methy! thymidine (or 
0 2 -methyl uracil), to be read as cytosine (Xu, and Swann, Tetrahedron 
Letters 35:303-306 (1994)). 

6 Transforming guanine to 6-Omethyl (or other alkyls) to be 
10 read as adenine (Mehta and Ludlum, Biochlmica et Biophysica Acta, 

521:770-778 (1978)). 

7. Amination of uracil to cytosine. Bass supra, fig. 6c. 

In Vitro Selection Strategy 

Referring to Figure 105, there is provided a schematic describing an 
1 5 approach to selecting for a ribozyme with such base changing activity. An 
RNA is designed that folds back on itself (this is similar to approaches 
already used to select for RNA ligases, Bartel, D. and Szostak, J. (1993) 
Isolation of new ribozymes from a large pool of random sequences. 
Science 261:1411-1418). A degenerate loop opposing the base to be 
20 modified provides for diversity. After incubating this library of molecules in 
a buffer, the RNA is reverse transcribed into DNA (that is, using standard in 
vitro evolution protocol. Tuerk and Gold, 249 Science 505, 1990) , and 
then the DNA is selected for having a base change. A restriction enzyme 
cleavage and size selection or its equivalent is used to isolate the fraction 
25 of DNAs with the appropriate base change. The cycle could then be 
repeated many times. 
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The in vitro selection (evolution) strategy is similar to approaches 
developed by Joyce (Beaudry, A. A. and Joyce, G.F. (1992) Science 257. 
635-641; Joyce, G. F. (1992) Scientific American 2 67. 90*97) and Szostak 
(Bartel, D, and Szostak, J. (1993) Science .261:141 1-1 41 8; Szostak, J. W. 

5 (1993) TIPS 17, 89-93). Briefly, a random pool of nucleic acids is 
synthesized wherein, each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 

10 bind to its target (the region flanking the mutant nucleotide), 2) 
complimentary DNA (cDNA) synthesis and PGR amplification of molecules 
selected for their base modifying activity, 3) introduction of restriction 
endonuclease site for the purpose of cloning. The degenerate domain can 
be created to be completely random (each of the four nucleotides 

15 represented at every position within the random region) or the degeneracy 
can be partial (Beaudry, A. A. and Joyce, G.F. (1992) Science 257, 635- 
641). In this invention, the degenerate domain is flanked by regions 
containing known sequences (see Figure 105), such that the degenerate 
domain is placed across from the mutant base (the base that is targeted for 

20 modification). This random library of nucleic acids is incubated under 
conditions that ensure folding of the nucleic acids into conformations that 
facilitate the catalysis of base modification (the reaction protocol may also 
include certain cofactors like ATP or GTP or an S-adenosyl-methionine (if 
methylation is desired) in order to make the selection more stringent). 

25 Following incubation, nucleic acids are converted into complimentary DNA 
(if the starting pool of nucleic acids is RNA). Nucleic acids with base 
modification (at the mutant base position) can be separated from rest of the 
population of nucleic acids by using a variety of methods. For example, a 
restriction endonuclease cleavage site can efther be created or abolished 

30 as a result of base modification. If a restriction endonuclease site is 
created as a result of base modification, then the library can be digested 
with the restriction endonuclease (RE). The fraction of the population that 
is cleaved by the RE is the population that has been able to catalyze the 
base modification reaction (active pool). A new piece of DNA (containing 

35 oligonucleotide primer binding sites for PCR and RE sites for cloning) is 
ligated to the termini of the active pool to facilitate PCR amplification and 
subsequent cycles (if necessary) of selection. The final pool of nucleic 
acids with the best base modifying activity is cloned in to a plasmid vector 
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and transformed into bacterial hosts. Recombinant plasmids can then be 
isolated from transformed bacteria and the identity of clones can be 
determined using DNA sequencing techniques. 

Base modifying enzymatic nucleic acids (identified via in vitro 
5 selection) can be used to cause the chemical modification in vivo. 

In addition, the ribozyme could be evolved to specifically bind a 
protein having an enzymatic base changing activity. 

Such ribozymes can be used to cause the above chemical 
modifications in vivo. The ribozymes or above noted antisense-type 
10 molecules can be administered by methods discussed in the above 
referenced art. 

VIII. Administration of Nucleic Acids 

Applicant has determined that double-stranded nucleic acid lacking 
a transcription termination signal can be used for continuous expression of 

15 the encoded RNA. This is achieved by use of an R-loop, i.e., an RNA 
molecule non-covalently associated with the double-stranded nucleic acid 
and which causes localized denaturation ("bubble" formation) within the 
double stranded nucleic acid (Thomas et al., 1976 Proc. Natl. Acad. Sci. 
USA 73, 2294). In addition, applicant has determined that that the RNA 

20 portion of the R-loop can be used to target the whole R-loop complex to a 
desirable intracellular or cellular site, and aid in cellular uptake of the 
complex. Further, applicant indicates that expression of enzymatically 
active RNA or ribozymes can be significantly enhanced by use of such R- 
loop complexes. 

25 Thus, in one aspect, the invention features a method for introduction 

of enzymatic nucleic acid into a cell or tissue. A complex of a first nucleic 
acid encoding the enzymatic nucleic acid and a second nucleic acid 
molecule is provided. The second nucleic acid molecule has sufficient 
complementarity with the first nucleic acid to be able to form an R-loop 

30 base pair structure under physiological conditions. The R-loop is formed in 
a region of the first nucleic acid molecule which promotes expression of 
RNA from the first nucleic acid under physiological conditions. The method 
further includes contacting the complex with a cell or tissue under 



NUC 37768 



WO 95/23225 



PCT/IB95AM)156 



164 

conditions in which the enzymatic nucleic acid is produced within the cell 
or tissue. 

By "complex" is simply meant that the two nucleic acid molecules 
interact by Intermolecular bond formation (such as by hydrogen bonding) 
5 between two complementary base-paired sequences. The complex will 
generally be stable under physiological condition such that it is able to 
cause Initiation of transcription from the first nucleic acid molecule. 

L The first and second nucleic acid molecules may be formed from any 
desired nucleotide bases, either those naturally occurring (such as 

10 adenine, guanine, thymine and cytosine), or other bases well known in the 
art, or may have modifications at the sugar or phosphate moieties to allow 
greater stability or greater complex formation to be achieved. In addition, 
such molecules may contain non-nucleotides in place of nucleotides. 
Such modifications are well known in the art, see e.g., Eckstein et a/., 

15 International Publication No. WO 92/07065; Perrault et a/., 1990 Nature 
344, 565; Pieken et a/., 1991 Science. 253, 314; Usman and Cedergren, 
1992 Trends in Biochem. Sci . 17, 334; Usman et a!. t International 
Publication No. WO 93/15187; and Rossi et a/., International Publication 
No. WO 91/03162, as well as Sproat.B. European Patent Application 

20 92110298.4 which describe various chemical modifications that can be 
made to the sugar moieties of enzymatic RNA molecules. All these 
publications are hereby incorporated by reference herein. 

By "sufficient complementarity" is meant that sufficient base pairing 
occurs so that the R-loop base pair structure can be formed under the 
25 appropriate conditions to cause transcription of the enzymatic nucleic acid. 
Those In the art will recognize routine tests by which such sufficient base 
pairs can be determined. In general, between about 15-80 bases is 
sufficient in this invention. 

By "physiological condition" is meant the condition in the cell or 
30 tissue to be targeted by the first nucleic acid molecule, although the R-loop 
complex may be formed under many other conditions. One example is use 
of a standard physiological saline at 37°C, but it is simply desirable in this 
invention that the R-loop structure exists to some extent at the site of action 
so that the expression of the desired nucleic acid will be achieved at that 
35 . site of action. While it is preferred that the R-loop structure be stable under 
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those conditions, even a minimal amount of formation of the R-loop 
structure to cause expression will be sufficient. Those in the art will 
recognize that measurement of such expression is readily achieved, 
especially in the absence of any promoter or leader sequence on the first 
5 nucleic acid molecule (Daube and von Hippel, 1992 Science 258, 1320). 
Such expression can thus only be achieved if an R-loop structure is truly 
formed with the second nucleic acid. If a promoter of leader sequence is 
provided, then it is preferred that the R-loop be formed at a she distant from 
those regions so that transcription is enhanced. 

10 In a related aspect, the invention features a method for introduction 

. of ribonucleic acid within a cell or tissue by forming an R-loop base-paired 
structure (as described above) with the first nucleic acid molecule lacking 
any promoter region or transcription termination signal such that once 
expression is initiated it will continue until the first nucleic acid is degraded. 

15 In another related aspect, the invention features a method in which 

the second nucleic acid is provided with a localization factor, such as a 
protein, e.g., an antibody, transferin, a nuclear localization peptide, or 
folate, or other such compounds well known in the art, which will aid in 
targeting the R-loop complex to a desired cell or tissue. 

In preferred embodiments, the first nucleic acid is a plasmid, e.g., 
one without a promoter or a transcription termination signal ; the second 
nucleic acid is of length between about 40-200 bases and is formed of 
ribonucleotides at a majority of positions; and the second nucleic is 
covalently bonded with a ligand such as a nucleic acid, protein, peptide, 
lipid, carbohydrate, cellular receptor, nuclear localization factor, or is 
attached to maleimide or a thiol group: the first nucleic acid is an 
expression plasmid lacking a promoter able to express a desired gene, 
e.g., it is a double-stranded molecule formed with a majority of 
deoxyribonucleic acids; the R-loop complex is a RNA/DNA heteroduplex; 
no promoter or leader region is provided in the first nucleic acid; and the R- 
loop is adapted to prevent nucleosome assembly and is designed to aid 
recruitment of cellular transcription machinery. 

In other preferred embodiments, the first nucleic acid encodes one or 
more enzymatic nucleic acids, e.g., it is formed with a plurality of 
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intramolecular and intermoiecular cleaving enzymatic nucleic acids to 
allow release df therapeutic enzymatic nucleic acid in vivo. 

In a further related aspect, the invention features a complex of the 
above first nucleic acid molecules and second nucleic acid molecules. 

5 R-loop complex 

An R-loop complex is designed to provide a non-integrating plasmid 
so that, when an RNA polymerase binds to the plasmid, transcription is 
continuous until the plasmid is degraded. This is achieved by hybridizing 
an RNA molecule, 40 to 200 nucleotides in length, to a DNA expression 

10 plasmid resulting in an R-loop structure (see figure 106 ). This RNA, when 
conjugated with a ligand that binds to a cell surface receptor, triggers 
internalization of the plasmid/RNA-ligand complex. Formation of R-loops in 
general is described by DeWet, 1987 Methods in Enzymol. 145, 235; 
Neuwald et al., 1977 J. Viro|. 21,1019; and Meyer et al., 1986 J. Ult. Mol. 

15 Str. Res. 96, 187. Thus, those in the art can readily design complexes of 
this invention following the teachings of the art. 

Promoters placed in retroviral genomes have not always behaved as 
planned in that the additional promoter will serve as a stop signal or 
reverses the direction of the polymerase. Applicant was told that creation 

20 of an R-loop between the promoter and the reporter gene increased the 
transfection efficiency. Incubation of an RNA molecule with a double- 
stranded DNA molecule, containing a region of complementarity with the 
RNA will result in the formation of a stable RNA-DNA hetroduplex and the 
DNA strand that has a sequence Identical to the RNA will be displaced into 

25 a loop-like structure called the R-loop. This displacement of DNA strand 
occurs because an RNA-DNA duplex is more stable compared to a DNA- 
DNA duplex. Applicant was also told that an 80 nt long RNA was used to 
generate a R-loop structure in a plasmid encoding the B-galactosidase 
gene. The R-loop was initiated either in the promoter region or in the 

30 leader sequence. Plasmids containing an R-loop structure were 
microinjected into the cytoplasm of COS cells and the gene expression 
was assayed. R-loop formation in the promoter region of the plasmid 
inhibited expression of the gene. RNA that hybridized to the leader 
sequence between the promoter and the gene, or directly to the first 80 

35 nucleotides of the mRNA increased the expression levels 8-10 fold. The 
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proposed mechanism is that R-loop formation prevents nucleosome 
assembly, thus making the DNA more accessible for transcription. 
Alternatively, the R-loop may resemble a RNA primer promoting either DNA 
replication or transcription (Daube and von Hippel, 1992, supra) , 

5 One of the salient features of this invention is to generate R-loops in 

expression vectors of choice and introduce them into cells to achieve 
enhanced expression from the expression vector. The presence of an R- 
loop may aid in the recruitment of cellular transcription machinery. Once 
an RNA polymerase binds to the ptasmid and initiates transcription, the 
1 0 process will continue until a termination signal is reached, or the plasmid is 
degraded. 

This invention will increase the expression of ribozymes inside a 
cell. The idea is to construct a plasmid with no transcription termination 
signal, such that a transcript-containing multiple ribozyme units can be 
15 generated. In order to liberate unit length ribozymes, self-processing 
ribozymes can be cloned downstream of each therapeutic ribozyme (see 
figure 107) as described by Draper supra, 

Ljqa nd Targeting 

Another salient feature of this invention is that the RNA used to 

20 generate R-loop structures can be covalently linked to a ligand (nucleic 
acid, proteins, peptides, lipids, carbohydrates, etc.). Specific Jigands can 
be chosen such that the ligand can bind selectively to a desired cell 
surface receptor. This ligand-receptor interaction will help internalize a 
. plasmid containing an R-loop. Thus, RNA is used to attach the ligand to the 

25 DNA such that localization of the gene to certain regions of the cell is 
achieved. One of several methods can be used to attach a ligand to RNA. 
This includes the incorporation of deoxythymidine containing a 6 carbon 
spacer having a terminal primary amine into the RNA (see figure 108) . This 
amino group can be directly derivatized with the ligand, such as folate (Lee 

30 and Low, 1994 J r BlfiL Chem. 269, 3198-3204). The RNA containing a 6 
carbon spacer with a terminal amine group is mixed with folate and the 
mixture is reacted with activators like 1-(3-Dimethylaminopropyl)-3- 
ethylcarbodiimtde hydrochloride (EDC). This reaction should be carried 
out in the presence of 1-Hydroxybenzotriazole hydrate (HOBT) to prevent 

35 any undesirable side reactions. 
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The RNA can also be derivatized with a heterobifuctional 
crosslinking agent (or linker) like succinimidyl 4-(p- 
maleimidophenyl)butyrate (SMPB). The SMP0 introduces a maleimide 
into the RNA. This maleimide can then react with a thiol moiety either in a 
5 peptide or in a protein. Thiols can also be introduced into proteins or 
peptides that lack naturally occurring thiols using succinylacetylthioacetate. 
The amino linker can be attached at the 5 1 end or 3* end of the RNA. The 
RNA can also contain a series of nucleotides that do not hybridize to the 
DNA and extend the linker away from the RNA/DNA complex, thus 

1 0 increasing the accessibility of the ligand for its receptor and not interfering 
with the hybridization. These techniques can be used to link peptides such 
as nuclear localization signal (NLS) peptides (Lanford et al., 1984 Ce|l 37, 
801-813; Kalderon et al., 1984 Cell 39, 499-509; Goldfarb et al., 1986 
Nature 322, 641-644)and/or proteins like the transferrin (Curiel et al., 1991 

1 5 Proc. Natl. Acad. Sci. USA 88, 8850-8854; Wagner et at., 1 992 Proc. Natl. 
Acad. Sci. USA 89, 6099-6103; Giulio et al., 1994 Cell. Signal. 6, 83-90) to 
the ends of R-loop forming RNA in order to facilitate the uptake and 
localization of the R-Ioop-DNA complex. To link a protein to the ends of R- 
loop forming RNA, an intrinsic thiol can be used to react with the maleimide 

20 or the thiols can be introduced into the protein itself using either 
iminothiolate or succinimidyl acetyl thioacetate (SATA; Duncan et al., 1983 
Anal. Piochem 132, 68). The SATA requires an additional deprotection 
step using 0.5 M hydroxylamine. 

In addition liposomes can be used to cause an R-loop complex to be 
25 delivered to an appropriate intracellular cite by techniques well known in 
the art. For example, pH-sensitive liposomes (Connor and Huang, 1986 
Cancer Res, 46, 3431-3435) can be used to facilitate DNA transfection. 

Calcium phosphate mediated or electroporation-mediated delivery of 
the R-loop complex in to desired cells can also be readily acomplished. 

30 In vitro Selection 

In vitro selection strategies can be used to select nucleic acids that a) 
can form stable R-loops b) selectively bind to specific cell surface 
receptors. These nucleic acids can then be covalently linked to each other. 
This will help internalize the R-loop-containing plasmid efficiently using 
35 receptor-mediated endocytosis. The in vitro selection (evolution) strategy is 
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similar to approaches developed by Joyce (Beaudry and Joyce, 1992 
Science 257, 635-641; Joyce, 1992 Scientific American 267, 90-97) and 
Szostak (Bartel and Szostak, 1993 Science 261:1411-1418; Szostak, 
1993 TIBS 17, 89-93). Briefly, a random pool of nucleic acids is 
5 synthesized wherein each member contains two domains: a) one domain 
consists of a region with defined (known) nucleotide sequence; b) the 
second domain consists of a region with degenerate (random) sequence. 
The known nucleotide sequence domain enables: 1) the nucleic acid to 
bind to its target (a specific region of the double strand DNA), 2) 

10 complimentary DNA (cDNA) synthesis and PCR amplification of molecules 
selected for their affinity to form R-loop and/or their ability to bind to a 
specific receptor, 3) introduction of a restriction endonuclease site for the 
purpose of cloning. The degenerate domain can be created to be 
completely random (each of the four nucleotides represented at every 

15 position within the random region) or the degeneracy can be partial 
(Beaudry and Joyce, 1992 Science 257, 635-641). In this invention, the 
degenerate domain is flanked by regions containing known sequences. 
This random library of nucleic acids is incubated under conditions thai 
ensure equilibrium binding to either double-stranded DNA or cell surface 

20 receptor. Following incubation, nucleic acids are converted into 
complementary DNA (if the starting pool of nucleic acids is RNA). Nucleic 
acids with desired characteristics can be separated from the rest of the 
population of nucleic acids by using a variety of methods (Joyce, 1992 
supra) . The desired pool of nucleic acids can then be carried through 

25 subsequent rounds of selection to enrich the population with the most 
desired traits. These molecules are then cloned in to appropriate vectors. 
Recombinant plasmids can then be isolated from transformed bacteria and 
the identity of clones can be determined using DNA sequencing 
techniques. 

30 Other embodiments are within the following claims. 
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TABL.E 1 



Characteristics of Ribozvmes 

Group I Introns 

Size: -200 to >1000 nucleotides. 

Requires a U in the target sequence immediately 5' of the cleavage 
site. 

Binds 4-6 nucleotides at 5' side of cleavage site. 
Over 75 known members of this class. Found in Tetrahymena 
thermophila rRNA, funga! mitochondria, chloroplasts, phage T4, blue- 
green algae, and others. 

RNAseP RNA (M1 RNA) 
Size: -290 to 400 nucleotides. 

RNA portion of a ribonucleoprotein enzyme. Cleaves tRNA precursors 
to form mature tRNA. 

Roughly 10 known members of this group all are bacterial in origin. 

Hammerhead Ribozyme 
Size: -13 to 40 nucleotides. 

Requires the target sequence UH immediately 5' of the cleavage site. 
Binds a variable number nucleotides on both sides of the cleavage 
site. 

14 known members of this class. Found in a number of plant 
pathogens (virusoids) that use RNA as the infectious agent (Figures 1 
and 2) 

Hairpin Ribozyme 
Size: -50 nucleotides. 

Requires the target sequence GUC immediately 3' of the cleavage site. 
Binds 4-6 nucleotides at 5* side of the cleavage site and a variable . 
number to the 3' side of the cleavage site. 

Only 3 known member of this class. Found in three plant pathogen 
(satellite RNAs of the tobacco ringspot virus, arabis mosaic virus 
and chicory yellow mottle virus) which uses RNA as the 
infectious agent (Figure 3), 

Hepatitis Delta Virus (HDV) Ribozyme 

Size: 50 - 60 nucleotides (at present). 

Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. • 

Binding sites and structural requirements not fully determined, 

although no sequences 5' of cleavage site are required. 

Only 1 known member of this class. Found in human HDV (Figure 4). 

Neurospora VS RNA Ribozyme 

Size: -144 nucleotides (at present) 
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Cleavage of target RNAs recently demonstrated. 

Sequence requirements not fully determined. 

Binding sites and structural requirements not fully determined. Only 1 

known member of this class. Found in Neurospora VS RNA (Figure 5). 
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Table 2 

Human ICAM HH Target sequence 



nt. Position Target Sequences 



u 


CCCCAGU 


c 


GACGCUG 


23 


CDGAGCU 


c 


COCOGCU 


26 


AGCUCCU 


c 


UGCUACU 


31 


COCOGCU 


A 


CUCAGAG 


34 


UGCOACD 


c 


AGAGUUG 


40 


UCAGAGU 


D 


GCAACCO 


48 


GCAACCO 


C 


AGCCUCG 


54 


UCAGCCU 


c 


GCTJADGG 


58 


CCUCGCU 


A 




64 


OAOGGCO 


C 


CCAGCAG 


96 


CCGCACU 


c 


CUGGUCC 


X02 


UCCOGGU 


c 


CUGCUCG 


108 


UCCDGCU 


c 


GGGGCUC 


115 


CGGGGCU 


c 


BGUOCCC 


119 


GCJOXjU 


D 


CCCAGGA 


120 


CUCDGUU 


C 


CCAGGAC 


146 


CAGACAD 


C 


OGUGUCC 


152 


UCUGUGU 


C 


CCCCOCA 


158 


UCCCCCU 


C 


AAAAGUC 


165 


CAAAAGO 


c 


AOCCOGC 


168 


AAGUCAU 


c 


COGCCCC 


185 


GGAGGCU 


c 


CGOGCUG 


209 


AGCACCU 


c 


COSOGAC 


227 


CCCAAGU 


u 


GUUGGGC 


230 


AAGUUGU 


a 


GGGCADA 


237 


UGGGCAO 


A 


GAGACCC 


248 


ACCCCGU 


D 


GCCUAAA 


253 


GUUGCCO 


A 


AAAAGGA 


263 


AAGGAGU 


D 


GCDCCQG 


267 


AGUUGCU 


C 


COGCCUG 


293 


AAGGOGU 


A 


OGAACUG 


319 


AGAAGAU 


A 


GCCAACC 


335 


AOG0GCU 


A 


UUCAAAC 


337 


GUGCUAU 


a 


CAAACUG 


338 


DGCUAUU 


c 


AAACUGC 


359 


GGGCAGU 


c 


AACAGCU 


367 


AACAGCU 


A 


AAACCUU 


374 


AAAACCU 


U 


CCUCACC 


375 


AAACCUU 


c 


CUCACCG 


378 


CCUUCCU 


c 


ACCGOGU 



nt. Position Target Sequences 



IOC 

Job 


AJUUoUCjU 


A 


CSGGAC0 


1 Q A 


COGGACU 


C 


CAGAACG 


a on 




c 


CCCUCUU 


425 


cuccccu 


c 


UUGGCAG 




ccccucu 


u 


GGCAGCC 


450 


AGAACCO 


u 


ACCCUAC 


451 


GAACCUU 


A 


CCCUACG 


456 


UUACCCU 


A 


CGCOGCC 


425 


CCAACCU 


C 


AO0GUGG 


510 


OGCUGCU 


C 


OGOGGGG 


564 


COGAGGU 


C 


ACGACCA 


592 


GAGAGAU 


c 


ACCAOGG 


607 


AGCCAAD 


0 




608 


GCCAAUU 


O 


CUCGUGC 


609 


CCAAUOT 


c 


UCGOGCC 


511 


AAUUUCU 


c 


GtfGCCGC 


656 


GAGCUGU 


u 


OGAGAAC 


657 


AGCT3SUU 


u 


GAGAACA 


663 


AACACCU 


c 


GGCCCCC 


677 


GCCCCCU 


A 


CCAGCUC 


684 


ACCAGCU 


c 


CAGACCU 


692 


CAGACCU 


u 


UGUCCUG 


693 


AGACCUU 


u 


GUCCUGC 


696 


CCUUUGU 


c 


CUGCCAG 


709 


AGCGACU 


c 


CCCCACA 


720 


CACAACU 


u 


GUCAGCC 


723 


AACUUGU 


c 


AGCCCCC 


735 


CCCGGGU 


c 


CUAGAGG 


738 


GGGUCCU 


A 


GAGGUGG 


765 


CCGUGGU 


c 


UGUUCCC 


769 


GGUCUGtJ 


u 


CCCOGGA 


770 


GUCUGUU 


c 


CCUGGAC 


785 


GGGCOGtJ 


u 


CCCAGUC 


786 


GGCUGUU 


c 


CCAGUCU 


792 


. UCCCAGU 


c 


UCGGAGG 


794 


CCAGUCU 


c 


GGAGGCC 


807 


CCCAGGU 


c 


CACCUGG 


833 


CAGAGGU 


u 


GAACCCC 


846 


CCACAGU 


c 


ACCUAUG 


851 


GUCACCU 


A 


UGGCAAC 
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863 


AACGACO 


C CUUCUOG 


1408 


OCGAGAO 


c 


OUGAGGG 


866 


GACUCCU 


U CUCGGCC 


1410 


GAGADCU 


u 


GAGGGCA 


867 


ACUCCUU 


C DOGGCCA 


1421 


GGCACCU 


A 


CCUOJG0 


869 


uccuucu 


C GGCCAAG 


1425 


CCUACCU 


Q 


DGOCGGG 


881 


AAGGCCU 


C AGUCAGU 


1429 


CCUCUQJ 


c 


GGGCCAG 


885 


CCUCAGU 


C AGCGUGA 


1444 


GAGCACU 


c 


AAGGGGA 


923 


GUGCAGU 


A ADACDGG 


1455 


GGGAGGU 


c 


ACCCGCG 


936 


CAGUAA0 


A COGGGGA 


1482 


AUGUGCU 


c 


ucccccc 


978 


CGACCAJJ 


C QACAGCU 


1484 


GOGCDCO 


c 


CCCCCGG 


980 


ACCADCU 


A CAGCUOU 


1493 


CCCCGGU 


A 


OGAGADU 


986 


UACAGCtJ 


U UCOGGCG 


1500 


AUGAGAU 


u 


GLJCADTA 


987 


ACAGCUU 


O CCGGCGC 


1503 


AGADOGO 


c 


ADCAUCA 


988 


CAGCDUU 


C CGGCGCC 


1506 


UUGOCAU 


Q 




1005 


ACGCGA0 


V CDGACGA 


1509 


UCADCAU 


Q 




1006 


CGUGAUO 


C OGACGAA . 


1518 








1023 


CAGAGGU 


C DCAGAAG 


1530 




Q 




1025 


GAGGUCU 


C AGAAGGG 


1533 




X 


AU3GGCA 


1066 


CCACCCO 


A GAGCCAA 


1551 




\. 


AGCACGU 


1092 


ABGGGGO 


U CCAGCCC 


1559 


AGCACGU 


A 
*x 




1093 


OGGGGUO 


C CAGCCCA 


1563 


C X 3 IA(TTT 


Q 


rrar"r& Art"* 


1125 


CCCAGCO 


C CGGCUGA 


1565 


\jjnx a« w>— ij 






1163 


CGCAGCU 


U CDOCDGC 


1567 


CCUCUAD 


A 




1164 


GCAGCUU 


C OCC0GCO 


1584 


GGAAGAU 


Q 




1166 


AGCUUCU 


C COGCUCU 


1592 


AAGAAAD 






1172 


UCCOGCU 


C OGCAACC 


1599 


ACAGACU 


\ 


CAACAGG 


1200 


GCCAGCO 


U AUACACA 


1651 


CACGCCU 


Q 




1201 


CCAGCUD 


A UACACAA 


1661 


OGAACTTT 






1203 


AGCUUAD 


A CACAAGA 


1663 








1227 


GGGAGCU 


U CGUGUCC 


1678 


AGGGPTTT 






1228 


GGAGCDO 


C GUGOCOJ 


1680 


GGCCXJCU 


u 


OCOCGGC 


1233 


UUCGUGU 


C CUGOADG. 


1681 


GCCUCUU 


Q 


CDOGGCC 


1238 


GOCCOGU 


A UGGCCCC 


1684 


UCDDCCU 


c 


GGCCOOC 


1264 


GAGGGAU 


D GDCCGGG 


1690 


OCGGCCU 


a 


CCCAOA0 


1267 


GGAUUGO 


C CGGSAAA 


1691 


CGGCCUU 


Q 


PCATTATTTT 


1294 


AGAAAAD 


a CCCAGCA 


169<3 


UUCCCAU 






1295 


GAAAAUU 


C CCAGCAG 


1698 


COCAUAD 


u 


GGUGGCA 


1306 


GCAGACU 


C CAADGOG 


1737 


AAGACAO 


A 


U3CCADG 


1321 


CCAGGCU 


O GGGGGAA 


1750 


UGCAGCU 


A 


CAOCOAC 


1334 


AACCCAQ 


U GCQOGAG 


1756 


UACACCU 


A 


CCGGCCC 


1344 


CCGAGCU 


C AAGOGDC 


1787 


AGGGCAU 


U 


GUCCUCA 


1351 


CAAGOGU 


C UAAAGGA 


1790 


GCAUOGU 


C 


CUCAGUC 


1353 


AGOGUCU 


A AAGGADG 


1793 


OUGDCCU 


c 


AGDCAGA 


1366 


UGGCACU 


U UCCCACU 


1797 


CCDCAGU 


c 


AGAUACA 


1367 


GGCACUU 


O CCCACUG 


1802 


GDCAGAD 


A 


CAACAGC 


1368 


GCACUUU 


C CCACUGC 


1812 


ACAGCAU 


u 


UGGGGCC 


1380 


UGCCCAU 


C GGGGAAU 


1813 


CAGCAUU 


u 


GGGGCCA 


1388 


GGGGAAU 


C AGOGACU 


1825 


CCADGGU 


A 


CCGGCAC 


1398 


UGACUGU 


C ACUCGAG 


1837 


CACACCU 


A 


AAACACU 


1402 


UGUCACU 


C GAGAUCU 


1845 


AAACACU 


A 


GGCCACG 
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1856 


CACGCAU 


C 


TCADOT3 


2189 


OADOUA0 


a 


GAGOGUC 


1861 


A0COGA0 


c 


0GOAG0C 


2196 


t&AGDGU 


c 


UUUUADG 


1865 


GADC0GU 


A 


GDCACA0 


2198 


AGOGUCU 


a 


UUAUUJA 


1868 


CUGOAGa 


C 


ACADGAC 


2199 


GUGUCUU 


a 


UAOGUAG 


1877 


CAUGAC0 


A 


AGCCAAG 


2200 


DGOCDUU 


a 


ADGUAGG 


1901 


CAAGACU 


C 


AAGACAU 


2201 


GUCUUUU 


A 


CG0AGGC 


1912 


ACAOGAU 


0 


GAOGGAD 


2205 


OUUADGO 


A 


GGCQAAA 


1922 


UGGAUGU 


0 


AAAG0C0 


2210 


GOAGGC0 


A 


AAUGAAC 


1923 


GGADGU0 


A 


AAGGCUA 


2220 


UGAACA0 


A 


GGCCUCU 


1928 


UUAAAGU 


C 


UAGCC0G 


2224 


CAUAGGU 


C 


CCCGGCC 


1930 


AAAGGCU 


A 


GCCCGAU 


2226 


0AGG0CU 


c 


UGGCC0C 


1964 


GAGACA0 


A 


GCCCCAC 


2223 


C3GGCCU 


c 


ACGGAGC 


1983 


AGGACAU 


A 


CAACDGG 


2242 


CGGAGCO 


c 


CCAGUCC 


1996 


GGGAAAO 


A 


C0GAAAC 


2248 


UGOCAG0 


c 


CAOG0CA 


2005 


GGAAACO 


U 


GCOGCC0 


2254 


OCCACGO 


c 


ACAU0CA 


2013 


GCUGCCU 


A 


0OGGGUA 


22S9 


GDCACAD 


a 


CAAGGOC 


2015 


UGCCOAU 


0 


GGGUADG 


2260 


DCACADO 


c 


AAGG0CA 


2020 


A0OGGGO 


A 


OSCOGAG 


2266 


UCAAGG0 


c 


ACCAGGU 


2039 


ACAGACO 


O 


ACAGAAG 


2274 


ACCAGOT 


A 


CAGOOGU 


2040 


CAGACUU 


A 


CAGAAGA 


2279 


GUACAGO 


U 


GDACAGG 


2057 


0GGCCCU 


C 


CAUAGAC 


2282 


CAG0UGU 


A 


CAGGUCG 


2061 


CCOCCAU 


A 


GACADG0 


2288 


UACAGGO 


0 


GUACACU 


2071 


CADGDGU 


A 


GCADCAA 


2291 


AGGUOGU 


A 


CACOGCA 


2076 


GOAGCAU 


C 


AAAACAC 


2321 


AAAAGA0 


C 


AAAD3GG 


2097 


CCACACU 


D 


CCOGACG 


2338 


CK3GGACU 


0 


CDCADUG 


2098 


CACACUU 


C 


C0GACGG 


2339 


GGGAC00 


c 


0CA0OGG 


2115 


GCCAGCU 


U 


GGGCAC0 


2341 


GACUDCU 


c 


ADCGGCC 


2128 


CDGCUG0 


C 


UACUGAC 


2344 


DOCDCAU 


u 


GGCCAAC 


2130 


GCUGUCU 


A 


CUGACCC 


2358 


ccugccu 


0 


0CCCCAG 


2145 


CAACCOJ 


0 


GAOGADA 


2359 


CUGCCUU 


0 


CCCCAGA 


2152 


UGA0GA0 


A 


DGUAUU0 


2360 


DGCCDU0 


c 


CCCAGAA 


2156 


GAUADGU 


A 


000AOOC 


2376 


GAGOGAU 


0 


UUUCUAO 


2158 


UADGOAU 


0 


0AGUCA0 


2377 


AGUGAUU 


0 


0UCOAOC 


2159 


AUGUADU 


a 


AUCCAUU 


2378 


GUGADUU 


0 


UCUADCG 


2160 


UGUAU0U 


A 


OOCA000 


2379 


O3A0000 


0 


CUADOGG 


2162 


OADUUAD 


U 


CAUUUGU 


2380 


GAU0UD0 


c 


0ADCGGC 


2163 


AUUOAUU 


c 


AD0UGU0 


2382 


UUUUUCU 


A 


0CGGCAC 


2166 


UA00CAU 


u 


DGUUAU0 


2384 


UU0CQAU 


c 


GGCACAA 


2167 


AU0CA00 


0 


GO0ADU0 


2399 


AAGCAC0 


A 


UADGGAC 


2170 


CA00UG0 


0 


AUUUUAC 


2401 


GCACCAU 


A 


OGGACOG 


2171 


AUUUGUU 


A 


UUUUACC 


2411 


GACDGGO 


A 


AUGGUUC 


2173 


UDGUUAU 


0 


UUACCAG 


2417 


UAADGG0 


0 


CACAGGO 


2174 


■ UGUCTAUU 


u 


0AOCAGC 


2418 


AAOGGUU 


C 


ACAGG00 


2175 


GUUAUDU 


0 


ACCAGC0 


2425 


' CACAGG0 


0 


CAGAGA0 


2176 


UUAUUUU 


A 


CCAGCUA 


2426 


ACAGGOa 


C 


AGAGA00 


2183 


ACCAGC0 


A 


UUUADUG 


2433 


CAGAGA0 


0 


ACCCAG0 


2135 


CAGCUAU 


0 


0A00GAG 


2434 


AGAGAUU 


A 


CCCAGOG 


2186 


AGCUAUU 


0 


AD0GAG0 


2448 


GAGGCC0 


0 


AUOCCOC 


2187 


GCUADDU 


A 


UUGAGUG 


2449 


AGGCCUU 


A 


OUCCUCC 
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2451 


GCCUUAU 


O CCOCCCU 


2750 


UAOGUGU 


A 


GACAAGC 


2452 


CXUUADU 


C CDCCOJU 


2759 


ACAAGCU 


C 


UCGCDCU 


2455 


ORntxctj 


C CCOQCCC 


2761 


AAGCUCT 


C 


GCUOJGU 


2459 


ccucccu 


U CCCCCCA 


2765 


UCUCGCU 


c 


UGUCACC 


2460 


CUCCCUU 


C CCCCCAA 


2769 


GCUCUGU 


c 


ACCCAGG 


2479 


GACACCU 


U UGUUAGC 


2797 


GOGCAA0 


c 


AUGGUUC 


2480 


ACACCUU 


O GUUAGCC 


2803 


UCADGGU 


u 


CACUGCA 


2483 


CCUUUGD 


D AGCCACC 


2804 


CADGGUU 


c 


ACUGCAG 


2484 


CUUUGUU 


A GCCACCU 


2813 


CUGCAGU 


c 


UUGACCU 


2492 


GCCACCU 


C CCCACCC 


2815 


GCAGOCQ 


u 


GACCUUU 


2S04 


CCCACAD 


A CADUUCU 


2821 


UUGACCU 


u 


UUGGGCU 


2508 


CAUACAU 


D UCOGCCA 


2822 


CGACCDU 


u 


UGGGCUC 


2509 


AUACAUU 


U CUGCCAG 


2823 


GACCUUU 


u 


GGGCDCA 


2510 


UACAUUU 


C UGCCAGU 


2829 


UUGGGCU 


c 


AAGUGAU 


2520 


CCAGUGU 


D CACAADG 


2837 


AAGOGAU 


c 


CUCCCAC 


2521 


CAGUGUU 


C ACAADGA 


2840 


UGAJUCCU 


c 


CCAOCUC 


2533 


DGACACU 


C AGOGGUC 


2847 


CCCACCU 


c 


AGCCUCC 


2540 


CAGCGGD 


C AJUGUCUG 


2853 


UCAGCCU 


c 


CUGAGUA 


2545 


GOCADGU 


C OGGACAU 


2860 


CCUGAGU 


A 


GCUGGGA 


2568 


AGGGAAU 


A UGCCCAA 


2872 


GGACCAU 


A 


GGCUCAC 


2579 


CCAAGCU 


A UGCCOUG 


2877 


ADAGGCU 


c 


ACAACAC 


2585 


UADGCCU 


U GUCCUCU 


2899 


GGCAAAD 


u 


UGAUUUU 


2588 


GCCUUGU 


C CUCUUGU 


2900 


GCAAADU 


u 


GADUUUU 


2S91 


UUGUCCU 


C UCGCCCU 


2904 


AUUUGAU 




UUUUUUU 


2593 


GUCCUCU 


U GUCCDGU 


2905 


UUUGADU 




UUUUUUU 


2596 


CUCUUGU 


C CUOJUUG 


2906 


UUGAUUU 


XJ 


nrjurirrriTi 


2601 


GUCCUGU 


U OGCAUUU 


2907 


UGAUUUU 


tr 


nunuunii 


2602 


UCCUGUU 


U GCADUUC 


2908 


GAUUUOU 


u 


UUUUUUU 


2607 


UUUGCAU 


U UCACUGG 


2909 


AUUUUUU 


u 


UUUUUUU 


2608 


UUGCAUU 


U CACOGGG 


2910 


uuouuuu 


u 


UUUUUUU 


2609 


UGCAUGU 


C ACUGGGA 


2911 


UUUUUUU 


u 


UUUUUUU 


2620 


GGGAGCO 


U GCACUAU 


2912 


uuuuuuu 


u 


uuuuuuc 


2626 


uuscacu 


A OUGCAGC 


2913 


UUUUUUU 


u 


uuuuuca 


2628 


GCACUAU 


U GCAGCUC 


2914 


UUUUUUU 


u 


UUUUCAG 


2635 


DGCAGCU 


C CAGUUOC 


2915 


UUUUUUU 


u 


UUUCAGA 


2640 


. CUCCAGU 


U UCCUGCA 


2916 


UUUUUUU 


u 


UUCAGAG 


2641 


DCCAGOU 


U CCUGCAG 


.2917 


UUUUUUU 


u 


UCAGAGA 


2642 


CCAGUUU 


C CDGCAGU 


2918 


UUUUUUU 


u 


CAGAGAC 


2653 


CAGUGAU 


C AGGGOCC 


2919 


UUUUUUU 


c 


AGAGACG 


2659 


UCAGGGU 


C OCX3CAAG 


2931 


ACGGGGU 


c 


UCGCAAC 


2689 


CCAAGGU 


A UUGGAGG 


2933 


GGGGOCU 


c 


GCAACAU 


2691 


AAGGUAU 


U GGAGGAC 


2941 


GCAACAU 


u 


GCCCAGA 


2700 


GAGGACU 


C CCOCCCA 


2951 


CCAGACU 


u 


CCUUUGU 


2704 


ACUCCCU 


C CCAGCUU 


2952 


CAGACUU 


c 


CUGUCUG 


2711 


CCCAGCU 


U DGGAAGG 


2955 


ACUUCCU 


u 


UGOGUUA 


2712 


CCAGCUU 


U GGAAGGG 


2956 


cuuccuu 


u 


GUGUUAG 


2721 


GAAGGGU 


C AUCCGCG 


2961 


UUUGUGU 


u 


AGUUAAU 


2724 


GGGUCAU 


C CGCGUGU 


2962 


UUGUGUU 


A 


GUUAAUA 


2744 


UGUGUGU 


A UGUGUAG 


2965 


UGUUAGU 


u 


AAUAAAG 
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2966 


GUaAGOU A AOAAAGC 


2969 


AGUOAA0 A AAGCDCO 


2975 


UAAAGCU a 0C0CAAC 


2976 


AAAGCUU U COCAACU 


2977 


AAGCUUtJ C UCAACDG 


2979 


GCUUUCU C AACUGOC 



SUBSTITUTE SHEET (RULE 26) 
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WO 95/23225 



177 



PCI7IB95/00156 



Table 3 

Mouse 1CAM HH Target Sequence 
nt. Position Target Sequence 



11 


CCCugGtJ 


C 


acCGuDG 


23 


CaGuGgO 


u 


CJCOGCU 


26 


uGgUuCU 


C 


CGCUcCU 


31 


CUCOGCU 


c 


CUCcaca 


34 


DuCOcaU 


a 


AGgGUcG 


40 


gCAcAcU 


U 


GuAgCCU 


48 


aggACCU 


c 


AGOCOgG 


54 


UggGCCU 


c 


GugADGG 


58 


CaOgcCtJ 


u 


UaGCUCC 


64 


cAcccCU 


c 


CCAGCAG 


96 


CucugCO 


c 


COGGcCC 


102 


UgCcaGU 


a 


CDGCOgG 


108 


cuCDGCO 


c 


cuGGCcC 


115 


uGGuuCU 


c 


DGcTCCu 


119 


GgaaOGU 


c 


aCCAGGA 


120 


CUCUGcU 


c 


CugGccC 


146 


CAGuCgU 


c 


cGcuUCC 


152 




c 


agOCaCu 


158 


UCCuguO 


11 


AAAAacC 


165 . 


CAgAAGU 


u 


gOuuOGC 


168 


AAGcCuU 


c 


COGCCCC 


185 


GGuGGgU 


c 


CGOGCaG 


209 


gcCACuCJ 


c 


CtJcOGgC 


227 


CagAAGU 


u 


GUOuuGC 


230 


AAGUOGU 


D 


uuGCucc 


237 


UGuGCuU 


u 


GAGAaCu 


248 


AaCCCaU 


c 


UCCUAAA 


253 


ccDGCCU 


A 


AggAaGA 


263 


AgGGuuU 


c 


uCUaCUG 


267 


AGggGCU 


C 


COGCCUa 


293 


AAGcOGU 


u 


OGAgCUG 


319 


AGgAGAD 


A 


cugAgCC 


335 


cUGUGCU 


u 


DgagAAC 


337 


GUcCaAU 


tJ 


CAcACUG 


338 


aGCOgUU 


u 


gAgCUGa 


359 


GuGCAGU 


C 


guCcGCU 


78S 


GGcCOGU 


a 


uCCuGcC 


786 


GcCUGOU 


u 


CCuGcCU 


792 


UggagGO 


c 


UCGGAaG 


794 


CugGgCU 


u 


GGAGaCu 


807 


CuCgGaU 


a 


uACCUGG 


833 


CAaAGcO 


c 


GAcaCCC 


846 


CCcugGU 


C 


ACCguUG 


851 


GagACCU 


c 


UaoCAgC 



nt. Position Target Sequence 



367 


AAugGCU u cAACCcg 


374 


gAAgCCU U CCUgcCC 


375 


AAgCCOU C CDgcCCc 


378 


CuacCaU C AOCGOGU 


386 


ACCSOGU A uUcGuuU 


394 


CcGGACU u ucGAuCu 


420 


CACaCuD C CCCcCcg 


425 


CaCCCCO C ccaGCAG 


427 


CagCOCO c aGCAGug 


450 


AGgACCU c ACCCUgC 


4S1 


GAAaCcQ u uCCOuuG 


456 


UUACOCU c aGCcaCu 


455 


CuAcCaO C ACCGOGu 


510 


UGCTCCO C CGOGGGG 


564 


CUcAGGU a uCcAuCc 


592 


GAaAGAD C ACaugGG 


607 


AGCCAAU U OCDCaDG 


608 


GCCAADU D CXJCaCGC 


609 


CCAADUU C UCaDGCC 


611 


AADDUCU C aOGCCGC 


656 


aAGCUGU U UGAGcug 


657 


AGCOGOO U GAGcugA 


668 


cgagCCD a GGCCaCC 


677 


GaCCuCO A CCAGCcu 


634 


UUCAGCTJ C CgGuCCU 


692 


CgGACuD U cGauCITu 


633 


AGgaCcU c acCCDGC 


696 


CCUgOuU C CDGCCuc 


709 


gGCGgCU C CaCCuCA 


720 


UACAACD U uOCAGCu 


723 


AACUOuD C AGCuCCg 


735 


aCCaGaJJ C CUgGAGa 


728 


uGGgCCU c GuGaUGG 


765 


CaGTJcGU C cGcUuOC 


765 


GGcCUGU U uCCDGcc 


770 


uDuOGcU C CCUGGAa 


1353 


• AGUGggU c gAaGgUG 


1366 


UaaCAgU c UaCaACU 


1367 


aGCACcU c CCCACcu 


1363 


GuACUgQ a CCACDcu 


1380 


UGCCCAU C GGGGugg 


1388 . 


GGaGAcU C AGUGgCU 


1398 


UGgCDGU C ACagaAc 


1402 


UGUgcuU u GAGAaCO 
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863 


AgCcACU u CcUCUgG 


1408 


gCGAGAU 


C 


ggGgaQG 


866 


GAagCCU D CcuGcOC 


1410 


GAGgUClJ 


C 


GgaaGgg 


867 


AuOCgOU u cOGGagA 


1421 


ccCACCU 


A 


CuUuDGU 


869 


DCuUcCCJ C augCRAG 


1425 


aCOgCCO 


u 


gCUaGaG 


881 


AuGGCuD C AacCcGU 


1429 


uCDCTaCJ 


u 


GccCCuG 


885 


CCOugGO a gagGOGA 


1444 


GAaggCU 


C 


AgGaGGA 


933 


cOauAatJ c ADuCTOG 


1455 


GGaAuGU 


C 


ACCaGga 


936 


uAaUcAU u QJGGuGc 


1482 


AguOGuQ 


u 


UgCuOCC 


978 


UaACagU C uACAaCU 


1484 


cGGuUCU 


u 


CCuCauG 


980 


ACagOCU A CAaCUUU 


1493 


CuguGcU 


u 


OGAGAac 


986 


UACAaCU U DuCaGCu 


1500 


ADGAaAU 


c 


aUggUCc 


987 


ACAaCUU U uCaGCuC 


1503 


gGAcOatJ 


a 


ADCADuc 


988 


CAaCOUU u CaGCuCC 


1506 


UUaUguU 


u 


AOaACcG 


1005 


ACcaGAD c COGgaGA 


3309 . 


cuAcCAU 


C 


ACcGUGu 


1006 


uGaGAgO C UGggGAA 


1518 


ucaOGGU 


c 


cCAGgCG 


1023 


ugGAGGU C UCgGAAG 


1530 


CuauAaU 


C 


ADucOGG 


1025 


GAGGUCU C gGAAGGG 


1533 


\igGUCAD 


u 


gOGGGCc 


1066 


CCACuCU c aAaaxiAA 


1551 


CAuGCCCJ 


u 


AGCAgcU 


1092 


AcuGGaU c uCAGgCC 


1559 


AGCACcQ 


c 


CCcaccU 


1093 


UGGaccU u CAGCCaA 


1563 


CuUAugU 


u 


UADAACC 


1125 


CCCAaCU C uUcuCJSA 


1565 


UAugUuU 


A 


UAAOCGC 


1163 


CGaAGCU.U COuuUGC 


1567 


ugUuUAD 


A 


ACCGCCA 


1164 


GaAGCOU C UuuUGCU 


1584 


GaAAGAXT 


C 


AgGAxiAU 


1166 


AGCUUCU u uDGCUCU 


1592 


AgGAuAD 


A 


CAaguDA 


1172 


UCCCGuU u aaaAAOC 


1599 


ACAaguO 


A 


CAgaAGG 


1200 


cuCuGCO c cUcCACA 


1651 


CcCaCCU 


C 


CCOGAgC 


1201 


gCuGCUO u DgaACAg 


1661 


gaAACCU 


u 


UOCuuuG 


1203 


AcuDOuU u CACcAGu 


1663 


AACCUuO 


C 


CuuuGAa 


1227 


GGuAcaU a CGUGUgC 


1678 


AGGaCOJ 


C 


agCCUgG 


1228 


GaAGCOU C uUuDgCU 


1680 


aGCCaCU 


U 


CCOCuGg 


1233 


UUCGUuU C CgGagaG 


1681 


GCCaCUU 


c 


COOiGgC 


1238 


GUgCOGU A UGGuCCu 


1684 


aCUtXXXT 


c 


uGgCDgu 


1264 


GAaGGgD c GUgrCaaG 


1690 


cCGGaCU 


u 


uCgADcU 


1267 


uGAgaGU C uGGGgAA 


1691 


CGGaCUO 


u 


CgADcUU 


1294 


AGgAgAU a CugAGCc 


1696 


DgCCCAU 


c 


ggGGOSG 


1295 


GAggggU C uCAGCAG 


1698 


CggADAU 


a 


cctCGag 


13 06 


GCAGACU C ugAaaUG 


1 / J / 


gAGACcU 


c 


UaCCAgc 


1321 


gaAGGCU c aGGaGgA 


•1750 


gGCgGCa 


c 


CAOCUca 


1334 


AACCCAU c uCCuaAa 


1756 


gAagCCO 


u 


CCuGCCC 


1344 


auGAGCU C gAGaGUg 


1787 


gaGaCAD 


U 


GUCCcCA 


1351 


ugAaUGU a UAAguuA 


1790 


GCADUGU 


u 


CUCuaau 


1793 


UgGUCCU C gGcugGA 


2173 


DOagagU 


D 


UUACCAG 


1797 


CacCAGU C AcAUAaA 


2174 


UagagUU 


D 


UACCAGC 


1802 


acCAGAU c CuggAGa 


2175 


agagUUU 


U 


ACCAGCU 


1812 


ACuGgAU c UcaGGCC 


2176 


gagUUUU 


A 


CCAGCUA 


1813 


CAGCAUU U acccuCA 


2183 


ACCAGCU 


A 


UUUAUUG 


1825 


CCAcGcU A CCOcugC 


2185 


CAGCUAD 


U 


UAUUGAG 


1837 


CAugCCU u uAgOiCc 


2186 


AGCUAUU 


U 


AUUGAGU 


184S 


cgAgcCU A GGCCACc 


2187 


GCUAUUU 


A 


UUGAGUa 
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1B56 


CggaCuU 


u 


cGAOCUu 


1861 


AcaGGAU 


a 


UccAGUa 


1865 


cAcuDGU 


A 


GcCuCAg 


1863 


CaccAGO 


C 


ACADaAa 


1877 


CAUGcCD 


u 


AGCagcu 


1901 


UAAaACU 


c 


AAGggAc 


1912 




a 


vuujcagvj 


1922 




a 




Ij3 /-I 


UWvl/oCU 


c 




2o 




u 




1930 


Ag/UiUUU 


u 


aujav^cu 


1964 


GAGACAD 


u 


GuCCCca 


1983 


AGGAuAO 


A 


CAAgUua 


1996 


aGGAgAU 


A 


CUSAgcC 


2005 


UGgAgCU 


a 


GCgGaCc 


2013 


GCUauuU 


A 


UUGaGOA 


2015 


OGCCcAU 


c 


GGGgugG 


2020 


ggOGGuD 


c 


DuCOGAG 


2039 


gCuGgCU 


a 


gCAGAgG 


2040 


CuGACcCJ 


c 


CuGgAGgr 


20S7 . 


ugcuccu 


C 


CAcAucC 


2061 


CuaOCAU 


c 


acCgUGU 


2071 


CAcuDGU 


A 


GCcCCAg 


2076 


GUAGCcU 


C 


AgAgCua 


2097 


CaACuCD 


D 


CuUGAuG 


2098 


CACACUU 


C 


CcccCcG 


2115 


GCCAGCU 


c 


GGaggaO 


2128 


CaGCUaU 


u 


UAuUGAg 


2130 


cCUGUuU 


c 


COGcC*iC 


2145 


CAACuCTJ 


U 


cuOGADg 


2152 


UauUaAJD 


u 


UagAgOtJ 


2156 


uugADGU 


A 


UOOADUa 


2158 


gALJGUAU 


O 


UADOaAU 


2159 


ADGOAUU 


U 


ADUaAUU 


2160 


UGUAUUU 


A 


-UUaAOUU 


2162 


UADUUAU 


U 


aADUUag 


2163 


* ft— rT» T TTT 

AuguAUU 


u 


ADUaaDU 


2165 


acUUCAU 


U 


cucUADU 


2167 


AUguAUO 


U 


aUUAaUU 


2170 


uADOOaU 


U 


AaUUUAg 


2171 


AgUUGUU 


u 


UgcOcCC 


2417 


gAADGGU 


a 


CAuAcGU 


2418 


AcUGGaU 


C 


uCAGGcc 


2425 


CAugGGU 


c 


gAGgGuU 


2426 


AuuaaUU 


u 


AGAGuUU 


2433 


uAGAGuU 


U 


uaCCAGc 


2434 


AGAGuUU 


u 


aCCAGcu 


2448 


GAaGCCD 


U 


ccOgCcC 


2449 


AaGCCUU 


c 


cUgCcCC 



PO7IB95/001S6 



2X89 


UAUUUAU 


O 


GAGOacC 


2196 


caAcUctf 


u 


cGUgAUG 


">1 Qft 
4.-L-JO 


gcaGcCU 


c 


UUADGOu 






a 


OgUuUAu 


2200 








2201 


an rr( IT 11 Jl i 




OGUcGGC 


2205 


UUUADGU 


c 


GGCcugA 


2210 


GgAGaCU 


c 


AgUGgcu 


2220 


cuggCAU 


u 


GuDCUCU 


2224 


CucAGGU 


a, 


OCcauCC 


2226 


UgGaUCU 




aGGCCgC 


2233 


CTJGaCCU 


/-* 




2242 




a 


gCgGaCC 




UauCcatJ 


C 


CADccCA 


22.34 


UCCAauu 


C 


ACAcOgA 


22^y 


aUCACAU 


U 


CAcGGOg 


2260 


UCACAOU 


c 


AcGGOgc 


2266 


ggAAuGU 


c 


ACCAGGa 


2274 


ACCAGaU 


c 


CuGgaGa 


2279 


GaAggGU 


c 


GUgCAaG 


2282 


aAGcUGU 


u 


ligaGcOG 


2288 


UAuAaGO 


D 


aUggcCU 


2291 


caGOgGU 


u 


CuCUGCu 


2321 


gAAAGAU 


C 


AcADQGG 


2338 


UGaGACU 


c 


COgccOG 


2339 


GaaACcU 


u 


CCcUTJuG 


*>"*; 


UAJLCUCU 


a 


ccaGoCu 


* J 


uuucgAU 


c 


uuCCAgC 


2o3b 


CCcagCU 


c 


UCagCAG 


2 j^y 


CuGCuuu 


U 


gaaCAGA 


Z J QU 


aaCCUUU 


C 


CuuuGAA 


2 J / o 


agGUSgU 


U 


cUUCUga 


*J ' / 


gGOGgUU 


c 


UOCUgag 


£ J / O 


agGgUUU 


c 


UCUAcuG 


2379 


uucuuuu 


c 


ucAOaaG 


2380 


aAgUUUU 


a 


UgOCGGC 


2382 


CLUUC- l»A_U 


a 

A 




2384 


aUcCagU 


a 


GaCACAA 


2399 


AAaCACU 


A 


UgUGGAC 


2401 


aagCOgU 


u 


CSGagCOG 


2411 


uACUGGU 


c 


AgGaOgC 


2691 


AAuGUcU 


c 


cGAGGcC 


2700 


GAaGcCU 


u 


CCOgCCc 


2704 


' gacCuCO 


a 


CCAGCcU 


2711 


CCCAGCU 


c 


UcagcaG 


2712 


gagGucU 


c 


GGAAGGG 


2721 


GAAGGGU 


C 


gUgCaaG 


2724 


GGuaCAU 


a 


CGuGOGc 


2744 • 


gGUGgGU 


c 


cGUGcAG 
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2451 


GCCOguCJ 


U cCUgCCO" 


2750 


tTATJi'rT^rT n i^l/flii<«r 

UAUUvOkU U VjaLJ 1 ^ ' . ^ _ 






C CUdCCDc 


2759 




4*JJ 






2761 








n cccm^r*. 


2765 


UUUVIijOJ V- ULfct.gcu. 




Pnraf ~i II 1 




2769 


ayULuutJ c /vaaCAGG 


*1 / «7 






57Q7 


amjaAAu l. auggucC 








7fl01 


tK-AUt»\jU c ccagGCg 


2483 




>— 41' /1pW\— 


2804 


ggOGGgO C cgOGCAG 


2484 


cnuniion 


c aOT* A/n if* 


2813 




2492 






2815 


at-AijUL.u a cAaCuuu 


2504 




A CuUOUgO 


2821 


cutsrtLwU c cytjkjagg 


2508 


uADcCAD 




2822 


gtaAgi-cu c cG«aCUu 


2509 


i imfrA/rfT 




2823 


ugCCUCU a GcuCcGA 


2510 


TTArrArrnn 




7fi9Q 


ciAjGacu a uAaUcAu 


2520 




CI CcCAATJG 


2837 


AgGDGgU u CUuCuga 


2521 








UGAgaCU C CugCXTDg 


- 2533 


UGAliordT 


C AGauaDC 


2847 


ucaAugu c AGCCaCC 


2540 


CAGCaGO 




2853 


g^-AGCCu c uUauGuu 


X J H J 








gCcaAGU A aCUGuGA 


4JOO 




~{X~S\f* ^ 

c uvjUT^ajt/v 


7<J77 


GGAOCuU c aGCcaAg 




iu/irtbuU 




ZD / / 


uOccGCU a cCAuCAC 


Zdod 


cugGCaU 


U GUuCUCU 


2899 


cGgAcuU O cGADcDU 


Z Dot) 




u COdJaatJ 


2900 


uuAAuDTJ a GAgOUGU 




ugcjuucu 


C OgcDCCtJ 


2904 


AcODcAD U cOcOaOU 




CUULUUU 


TT fl^m ir % 

U L»CuLAa^C 


2905 


cOUcADO c TJcaaGTJg 






n » f~» n t» r tj " 


lone 


UUGADgU a UUUaUUa 


2601 




a rft i{^nf TTTf T 


Tom 


OGuaDUU a UOaaUUU 


2602 


UU — <30<-U 






GAagcGU c CUDUgcD 


2607 






9QOQ 


AgcUUcD D UUgcOctJ 


2608 








UgUaDCU a DUaaUUU 




ywAUyu 


v- AucacioA 


2911 


UgUaDCU a UUaaUDO 






c aCoCDgc 


2912 


UUgUUcQ c DaaOgUC 


* Ox, 0 




C UUCGAGC 


2913 


OUOcUcU a cUggOCA 




GCAJLaCU 


U GuAGCcu 


2914 


OgcOUUU c UcaUaAG 


Z bj j 


UuCAGCU 


C CgGOccu 


2915 • 


aOUUaUU a aUUuAGA 




ggCCuGO 


U UCCUGCc 


2916 


OaDUcgU U UcCgGAG 


ZD*i J. 


CaJL-AJoCU 


C UuaGCAG 


2917 


aDUcgOU U cCgGAGA 


2642 


^*Y*H 3 II II I 




lb 


UUcgUUU c CgGAGAg 


2653 


uAcDGgtJ 


C AGGaUgC 


2919 


UUcUcaU a AGgGuCG 


2659 


gaAGGGO 


C'gUGCAAG 


2931 


ugGaGGU C UCGgAAg 


2689 


CuAAuGU 


c OccGAGG 


2933 


GaGGUCU C GgAAggg 


2941 


GagACAU 


U GuCCccA 




2951 


CCAcgCU 


a CCUcDGc 






2952 


CAGcagU 


C CgcOGOG 






2955 


AgUgaCU 


c tJ30GUcA 






2956 


uUUCCUU 


U GaaUcAa 






2961 


UcOGDGU 


c A£ccAcU 






2962 


aUGUaUU 


u aUUAAOu 






2965 


UuUgAnU 


C AAUAAAG 
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2966 GcUgGcO A gcAgAGg 

2969 AaOcAAU A AAGuUOT 

2975 UAgAGuO U UacCAgC 

2376 gAgGgDO U CDCuACU 

2977 AAGCOgU u UgAgCUG 

2979 uCaCUCU C uAuUGCC 
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Table 4 

Human ICAM HH Ribozyme Sequences 

nt. Position Ribozyme Sequence 



11 


CAGCGUC 


CtXSATOAGGCCGAAAGGCCGAA 


ACUGGGG 


23 


AGCAGAG 


ORSMXaGGCCGAAAGGCCGAA 


AGOJCAG 


26 


AGOAGCA 


OX3AIX3AGGCCGAAJUSGCa^ 


AGGAGCU 


31 


CCCOGAG 


OJGAJ3GAGGCCGAAAGCXXCAA 


AGCAGAG 


34 


CAACUCJ 


C3GADGAGGCCGAAAGGCCGAA 


AGUAGCA 


40 


AGGOUGC 


OX5ADGAGGCCGAAAGGCCGAA 


ACUCUGA 


48 


CGAGGCU 


COGAlX»GGCCGAAAjK2XGAA 


AGGDD3C 


54 


CCWJAGC 


CDGACGAGGCCGAAAGGCCGAA 


AGGCUGA 


58 


GGAGCCA 


CDGADGWSGCOGAAAGGCCGAA 


AGCGAGG 


64 


COGCUGG 


CUGATCAGSCCGAAACSSCCGAA 


AGOCAUA 


96 


GGACCAG 


CUGAtXIAGGCCGAAAGGCCGAA 


AGOGCGG 


102 


CGAGCAG 


CDGADGAGGCCGAAAGGCCGAA 


ACCAGGA 


108 


GAGCCCC 


COSAlKiAGGCOGAAAGGCaSAA 


AGCAGGA 


115 


GGGAACA 


CUGADGAGGCCGAAAGGCCGAA 


AGCCCCG 


119 


OCCOGGG 


CTCATCAGGCCGAAAGGCCGAA 


ACAGAGC 


120 


GUCCDGG 


OXaUXIAGGCCGAAAGGCaSAA 


AACAGAG 


146 


GGACACA 


CUGATCAGGCCGAAAGGCCGAA 


AJUGUCUG 


152 


OGAGGGG 


CDGAUGAGGCCGAARGGCCGAA 


ACACAGA 


158 


GACOUUU 


CTjGAIXSAGGCOGAAAGCSCCGAA 


AGGGGGA 


165 


GCAGGAU 


CCX3AtXjiAGGCCX=AAAGGCXIGAA 


ACODUDG 


168 


GGGGCAG 


CUGAD3AGGCCGAAAGGCOGAA 


ADGACDTJ 


185 


CAGCACG 


CXJGAJJGAGGCCGAAAGGCCGAA 


AGCCOCC 


209 


GOCACAG 


CDGADGAGGCCGAAAGGCCGAA 


AGGUGCU 


227 


GCCCAAC 


C0C3AO3AGGCCGAAAGGCXXSAA 


ACUOGGG 


230 


DADGCCC 


CXB3AOSAGGCCGAAAGGCOGAA 


ACAACUU 


237 


GGGUCUC 


OJGAjDGAGGCCGAAAGGCCGAA 


ADGOCCA 


248 


UUUAGGC 


OK^tXSAGGCa^AAAGGCCGAA 


ACGGGGU 


253 


occuuuu 


CTK^UGAGGCCGAJUGGCCGAA 


AGGCAAC 


263 


CAGGAGC 


CDGAIX3AGGCCGAAAGGOCGAA 


ACOCCUU 


267 


CAGGCAG 


CXXSADGAGGCCGAAAGGQ3GAA 


AGCAACU 


293 


CAGUUCA 


CDGAOGAGGCCGAAAGGCCGAA 


ACACCUU 


319 


GGDOGGC 


CIKjADGAGGCCGAAAGGCCGAA 


ADCUUCU 


335 


GUUUGAA 


CUGAUGAGGCCGAAAGGCCGAA 


AGCACAU 


337 


CAgUuOG 


CIX^UGAGGCCGAAAGGCCGAA 


AUAGCAC 


338 


GCAGUUU 


CUGAJDGAGGCCGAAAGGCCGAA 


AAUAGCA 


359 


AGCOGUU 


CUGAOIAGGCCGAAAGGCCGAA 


ACDOCCC 


367 


AAGGUUU 


OJGAtTSAGGCCGAAAGGCCGAA 


AGCUGUU 


374 


GGOGAGG 


CDGAUGAGGCCGAAAGGCCGAA 


AGGODUU 


375 


CGGUGAG 


COGAOSAGGCCGAAACGCOGAA 


AAGGOUU 


378 


ACACGGU 


CXPGACGAGGCCGAAAGGCCGAA 


AGGAAGG 


385 


AGOCCAG 


OJGAUGAGGCCGAAAGGCCGAA 


ACACGGU 


394 


CGUUCUG 


OJGAZX^GGCXEAAAGGCCGAA 


AGOCCAG 


420 


AAGAGGG 


CDGAUGAGGCOGAAAGGCCGAA 


AGGGGUG 


425 


CUGCCAA 


CU3AIXyvGGCX3SAAAGGCCGAA 


AGGGGAG 
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427 GGCOGCC OX3ADGAGGCCGAAAGGCCGAA AGAGGGG 

450 GUAGGGU CUGADGAGGCCGAAAG3CCGAA AGGOOCO 

451 CGOAGGG OTADSAGGCOGAAAGGCaSAA AAGGUOC 
456 GGCAGCG COGADGAGGCCGAAAGGCCGAA AGGGUAA 
495 CCACGGO COGADGAGGCCGAAAGGCCGAA AGGOOGG 
510 CCCCACG COGAtXSAGGCCGMAGGCCGAA AGCAGCA 
564 UGGOCGU axSATOAGGCCXSAAAGGCCGAA ACCOCAG 
592 CCADGGO COGAOGAGGCaSAAAGGOCGAA ADCOCOC 
607 CACGAGA COGAIXSAGGCCGAAAGGGCGAA ADCGGCO 
609 GCACGAG COGADGAGGCCGAAAGGCCGAA AADOGGC 
609 GGCACGA OX^DGAGGCCGAAAGGCCGAA AAADOGG 
611 GCGGCAC COGADGAGGO^GAAAGGCCGAA AGAAADO 

656 GUUCOCA OT3ADGAGGCTGAAAGGCCGAA ACAGCOC 

657 OGDOCDC COGADGAGGCCGAAAGGCCGAA AACAGCO 
668 GGGGGCC CDGAtXSVGGCCGAAAGGCCGAA AGGOGOU 
677 GAGCDGG CUGADGAGGCCGAAAGGCOGAA AGGGGGC 
634 AGGOCOG CXJGABGAGGCXX3AAAGGCCGAA AGCOGGO 

692 CAGGACA QX3ADGAGGCCGAAAGGCCGAA AGGOCOG 

693 GCAGGAC 03GADGAGGCCGAAAGGCCGAA AAGGOCO 
696 CCGGCAG COGADGAGGCCGAAAGGCCGAA ACAAAGG 
709 OGOGGGG CUGA03AGGCCGAAAGGCCGAA AGOCGCO 
720 GGCDGAC (XR^DGAGGOCGAAAGGCOGAA AGOUGUG 
723 GGGGGCO COGADGAGGCCGAAAGGCCGAA ACAAGOU 
735 CCOCOAG O0GAO3AGGCCGAAAGGCCGAA ACOOGGG 
738 CCACCOC CDGADGAGGCCGAAAGGCCGAA AGGACCC 
765 GGGAACA CDGADGAGGCCGAAAGGCCGAA ACCACGG 
769 OCCAGGG CTOADGAGGCCGAAAGGCCGAA ACAGACC 
"770 GDCCAGG OJGAIX2AGGCCGAAAGGCCGAA AACAGAC 

785 GACOGGG CTX3ADGAGGCCGAAAGGCOGAA ACAGCCC 

786 AGACOGG CDGADGAGGCCGAAAGGCCGAA AACAGCC 
792 COJCCGA CU3AU3AGGCCGAAAGGCCGAA ACDGGGA 
794 GGCCDCC OTGAIX3AGGCTGAAAGGCCGAA AGACOGG 
807 CCAGGDG CUGA03AGGCCGAAAGGOCGAA ACCOGGG 
833 GGGGDUC OJGAUGAGGCCGAAAGGCCGAA ACCOCDG 
846 CAUAGGU CTSADGAGGCCGAAAGGCCOAA ACOGOGG 
851 GDUGCCA COGADGAGGCCGAAAGGCCGAA AGGOGAC 
863 CGAGAAG CDGADGAGGCCGAAAGGCCGAA AGOOGUU 

866 GGCCGAG CDGADGAGGCCGAAAGGCCGAA AGGAGDC 

867 DGGCCGA CDGADGAGGCCGAAAGGCCGAA AAGGAGU 
869 CDDGGCC CTCADGAGGCCGAAAGGCCGAA AGAAGGA 
881 ACDGACD COGADGAGGCCGAAAGGCCGAA AGGCCDD 
885 OCACACU COGADGAGGCCGAAAGGCCGAA ACOGAGG 
933 CCAGDAD CDGADGAGGCCGAAAGGCCGAA ACDGCAC 
936 UOCCCAG CDGAO3AGGCCGAAA0GCCGAA AUDACDG 
978 AGCUGUA QJGAIX3AGGCCGAAAGGCCGAA ADGGOCA 
980 AAAGCDG C0GADGAGGO3SAAAGGCCGAA AGADGGD 

986 CGCCGGA COGADGAGGCCGAAAGGCCGAA AGCDGUA 

987 GCGCCGG CDGADGAGGCCGAAAGGCCGAA AAGCOGD 

988 GGCGCCG CDGADGAGGCCGAAAGGCCGAA AAAGCDG 
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1005 
1006 
X023 
1025 
1066 
1092 
1093 
1125 
1163 
1164 
1156 
1172 
1200 
1201 
1203 
1227 
1228 
1233 
1238 
1264 
1267 
1294 
1295 
1306 
1321 
1334 
1344 
1351 
1353 
1366 
1367 
1368 
1380 
1388 
1398 
1402 
1408 
1410 
1421 
1425 
1429 
1444 
1455 
1482 
1484 
1493 
1500 
1503 
1506 



UCGUCAG OTGADGAGGCOSAAAGSOCGAA ADCACGU 
OUCGUCA CUGAOGAGGCXX3AAAGGCCGAA AADCACG 
CUUCUGA COGADGAGGCCGAAAGGCCGAA ACCUCUG 
CCCOOCD CUGADGAGGCCGAAAGGCCGAA AGACCUC 
UGGGCUC CXJGADGAGGCCGAAAGGCCGAA AGGGCGG 
GGGCOGG CW3A03AGGCCGAAAGGCCGAA ACCCCAD 
DGGGCOS CUGADGAGGCCGAAAGGCCGAA AACCCCA 
UCAGCAG C0GAD3AGGCCGWVAO3CCGAA AGC0GGG 
GCAGGAG CUGADGAGGOCGAAAGGOOGAA AGCUGCG 
AGCAGGA COGADGAGGCCGAAAGGCCGAA AAGCUGC 
AGAGCAG C0GAOSAGGCCGAAACK3CCGAA AGAAGCU 
GGOOGCA CTX3AU3AGGCCGAAAGGCGGAA AGCAGGA 
OGOGDAU CDGAOGAGG033AAAGGCCGAA AGCUGGC 
UOGOGUA aX5AJDGA£GC03AAAj3GCaGAA AAGCDGG 
UCUUGUG CDGADGAGGCCGAAAGGCCGAA ADAAGCU 
GGACACG CtmDGAGGCCGAAAGGCCGAA AGCOCCC 
AGGACAC OX3AIXIAGGCCGAAAGGCCGAA AAGCDCC 
CAOACAG aJGATOAGGOCGAAAGGCCGAA ACACGAA 
GGGGCCA CUGADGAGGCCGAAAGGCCGAA ACAGGAC 
CCCGGAC CUGADGAGGCCGAAAGGCCGAA ADCCCOC 
UUDCCCG aXSATXlAGGCCGAAAGGCCGAA ACAADCC 
UGCUGGG CDGAXJGAGGCCGAAAGGCCGAA AOUUUC U 
CUGCUGG CUGADGAGGCCGAAAGGCCGAA AADODDC 
CACADUG CtJGADGAGGCCGAAAQGCCGAA AGDCDGC 
OUCCCCC OTGAOIAGGCa^AAAGGCCGAA AC-CCDGG 
CUCGGGC (XGAJtXSAGGCCGAAAGGCCGAA ACGGGOU 
GACACOU COGAD3AGGCCGAAAGGCCGAA AGCOCGG 
UOJUUUA CTX3ADGAGGCCGAAAGGCCGAA ACACDCG 
CAUCCOU CXraUXSAGGCOSAAAGGCCG^ AGACAOJ 
AGUGGGA CUGADGAGGCCGAAAGGCCGAA AGDGCCA 
CAGDGGG OX3ADGAGGCCGAAAGGCCGAA AAGDGCC 
GCAGDGG OJGAUGAGGCCGAAAGGCOGAA AAAGUGC 
ADOCCCC CUGADGAGGCCGAAAGGCCGAA ADGGGCA 
AGUCACU CUGAUGAGGCCGAAAGGCCGAA AUDCCCC 
CUCGAG0 CUSAU3AGGCCGAAAGGCCGAA ACAGOCA 
AGA0CUC CUGAUGAGG<XGAAAGGC2GAA AGUGACA 
CCCOCAA CUGADGAGGCCGAAAGGCCGAA ADCUCGA 
DGCCCDC CDGAUGAGGCCGAAAGGCGGAA AGADCDC 
ACAGAGG COGAIXaAGGCCGAAAGGCCGAA AGGDGCC 
CCCGACA CUGADGAGGCCGAAAGGCCGAA AGGDAGG 
CUGGCCC CUGADGAGGCCGAAAGGCCGAA ACAGAGG 
DCCCCUU CUGADGAGGCCGAAAGGCCGAA AGDGCUC 
CGCGGGU CUGADGAGGCCGAAAGGCCGAA ACCUCCC 
GGGGGGA OX3ADGAGGCXX3AAAGGCCGAA AGCACAU 
CCGGGGG COGAUGAGGCCGAAAGGCCGAA AGAGCAC 
AADCUCA CUGADGAGGCCGAAAGGCCGAA ACCGGGG 
UGADGAC CUGADGAGGOXAAAGGCCGAA ADCUCAU 
UGADGAU CUGADGAGGCOGAAAGGCCGAA ACAAUCU 
CAGUGAU CUGADGAGGCCGAAAGGCCGAA ADGACAA 
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1509 CCACAGO COGADSAfiGCCGAAAGGOCGAA AOGADGA 

1518 CGGCUGC OXSajGaGGCOGAAAOSCaSAA ACCACAG 

1530 CCADOAU CTOAIX3W3GCCGiUU\CGCCGAA ACOGCGG 

1533 UGCCCAtJ CTOAIXaAGGCCGAAACGCCGAA ADGACUG 

1551 AOGOGCa COGADGAGGCCGAAAGtXXDSAA AGGCCDG 

1559 AIIAGAGG. OKADGAGGCCGAAAGGCCGAA ACGOGCD 

1563 GGOOWIA CDGADGAGGCCGAAAGGCCGAA AGGUACG 

1565 GCGGUUA OTGADGAGGCXXIAAACGCCGAA AGAGGUA 

1567 OGGCGGU COGADG3U3GCCGAAAGGCCGAA AUAGAGG 

1584 ADUOCDU OTGADGAGGCCGAAAGGCCGAA ADCUUCC 

1592 DAGUOXJ CUGADGAGGCCGAAAGGCCGAA AUUOCUU 

1599 CCOGUOG CXJGADGAGGCCGAAAGGCOSAA AGOCDGO 

1651 GUOCAGG CUGAD3AGGCCGAAAi3GCCGAA AGGCGOG 

1661 CCCGGGA CIK^ADGAGGCCGAAAGGOCGAA AGGUOCA 

1663 GUCOOGG CIX3AIJ3AGGCCGAAAGGOCGAA ADAGGUU 

1678 CGAGGAA CJX2AD2AGGCOGAAAGGCOGAA AGGCCCU 

1680 GCCGAGG CtXSAJOGAGGCOGAAAGGCCGAA AGAGGOC 

1681 GGCCGAG CIKADGAGGCCGAAAGGCCGAA AAGAGGC 
1684 GAAGGCC OT2A0GAGGCCGAAAGGOCGAA AGGAAGA 

1690 AGADGGG C^GATXWSXXXMAGGCOiAA AGGCCGA 

1691 AADAUGG aX3AIX3AGGCCGAAAaXXX^A AAGGCCG 
1696 CCACCAA COGADGAGGCCGAAAGGCCGAA ADGGGAA 
1698 OGCCACC OT2ADGAGGCCGAAAGGCGGAA AOADGGG 
1737 CADGGCA CDGJU3GAGGCCGAAAGGCCGAA ADGOCUU 
1750 GOAGGOG COGADGAGGCCGAAAGGCCGAA AGCDGCA 
1756 GGGCCGG COGADGAGGCCGAAAGGCCGAA AGGOGOA 
1787 OGAGGAC COGADGAGGCCGAAAGGCCGAA ADGCCCU 
1790 GACUGAG COGADGAGGCCGAAAGGCCGAA ACAADGC 
1793 UCOSACa CXR2ADGAGGCOGAAAGGCOGAA AGGACAA 
1797 UGUAUCO" COGADGAGGCOSAAAGGCCGAA ACUGAGG 
1802 GCUG0OG CU3ADGAGGCCGAAAGGCCGAA AUCUGAC 

1812 GGCCCCA C0GAIX3AGGCCGAAAGGCCGAA AUGCUG0 

1813 OGGCCCC COGA0GAGGtXGAJUU3GCCGAA AAJDGCDG 
1825 GDGCAGG OTSAIX5AGGCCGAAAGGCCGAA ACCADGG 
1837 AUJGUUO COGATX3AGGOCGAAAGGCCGAA AGGOGDG 
1845 CGOGGCC CIXSADGAGGCCGAAAGGCCGAA AGUGOUD 
1856 CAGAUCA COGADGAGGCCGAAAGGCCGAA ADGCGOG 
1861 GACUACA COGADGAGGCCGAAAGGCCGAA AOCAGAU 
1865 AUGUGAC CUGAJOGAGGCCGAAAGGCCGAA ACAGAOC 
1868 GUCAUGU COGADGAGGCCGAAAGGCCGAA ACUACAG 
1877 OJOGGCO COGADGAGGCOGAAAGGCCGAA AGUCADG 
1901 ADGUCUU COGAOGAGGCCXJAAAGGOCGAA AG UOJUU 
1912 AUCCADC CTCAD3AGGCCGAAAGGCCGAA ADCADGO 

1922 AGACDDU COGADGAGGCCGAAAGGCCGAA ACADCCA 

1923 UAGACUU COGADGAGGCCGAAAGGCCGAA AACADCC 
1928 CAGGCDA OJGADGAGGCCGAAAGGOXAA ACUUUAA 
1930 ADCAGGC OKSADGAGGCaSAAAGGCCGAA AGACUUU 
1964 GUGGGGC COGADGAGGCCGAAAGGCCGAA ADGDCOC 
1983 CCAGOUG COGADGAGGCCGAAAGGCCGAA A0GDCC0 
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1996 GUUUCAG CIX^ADGAGSCCGAAAGGCCGAA AUUOCCC 

2005 AGGCAGC COGM3GAGGCCGAAAGGCCGAA AGOUOCA 

2013 UACCCAA CT73ADGAGGCCGAAAGGCCGAA AGGCAGC 

2015 CAUACCC CTX5AIX3AGGCCGAAAGGCCGAA AEAGGCA 

2020 COCAGCA 03GADSAGGCCGAAAGCXXGAA ACCCAAO 

2039 COUCOGO CIXSADGAGGCCGAAAGGGCGAA AGUCOGU 

2040 DCUUCDG CUGAIXSAGGCCGAAAGGCCGAA AAGOCCG 
20S7 GUCDADG CCGADGAGGCCGAAAGGCCGAA AGGGCCA 
2061 ACADGDC CDGADGAGGCCGAAAGGCCGAA ADGGAGG 
2071 OUGADGC CCPGADGAGGCCGAAAGGCCGAA ACACACG 
2076 GOGDUOT OX2ADGAGGCCGAAAGGCCGAA ADGCUAC 

2097 CGOCAGG CtXSADGAGGCCGAAAGGOOGAA AGCGGGG 

2098 CCGUCAG OT3ADGAGGCCGAAAGGCCGAA AAGDGCG 
2115 AGUGCCC CXX2ADGAGGCCGAAAGGCCGAA AGCUGGC 
2128 GUCAGQA CDGADGAGGCCGAAAGGCCGAA ACAGCAG 
2130 GGGUCAG CUGADGAGGCCGAAAGGCCGAA AGACAGC 
2145 UADCADC COGADGAGGCCGAAAGGCCGAA AGGGOUG 
2152 AAADACA OX3ADGAGGCCGAAAG3CCGAA ADCADCA 
2156 GAADAAA CtXjAD^AGGCOGAAAGGCCGAA ACADADC 

2158 ADGAADA CUGADGAGGCCGAAAGGCCGAA AOACADA 

2159 AADGAAU 03GAUGAGGCCGAAAGGCCGAA AAEACAU 

2160 AAADGAA CDGADGAGGCCGAAAGGCCGAA AAADACA 

2162 ACAAADG C0GADSAGGCO2AAAGGCCGAA ADAAADA 

2163 AACAAAD COGADSAGGCCGAAAGGOOGAA AAOAAA0 

2166 AAUAACA CDGADSAGGCCGAAAGGCOSAA ADGAADA 

2167 AAADAAC CCGAIX2AGGCCGAAAGGCCGAA AADGAAO 

2170 GOAAAAU CUGADGAGGCCGAAAGGCCGAA ACAAADG 

2171 GGOAAAA CDGADGAGGCCGAAAGGCCGAA AACAAAU 

2173 CUGGUAA CDGADGAGGCCGAAAGGCCGAA AUAACAA 

2174 GCOGGOA OKAIX3AGGCCGAAAGGCCGAA AAUAACA 

2175 AGCUGGU COGAOGAGGCCGAAAGGCCGAA AAADAAC 

2176 UAGCOGG CDGADGAGGCCGAAAGGCCGAA AAAAUAA 
2183 CAADAAA CCJGADGAGGCCGAAAGGCCGAA AGCUGGU 

2185 CDCAADA COGADGAGGCCGAAAGGCCGAA AUAGCUG 

2186 ACDCAAU CtJGAUGAGGCCGAAAGGCCGAA AADAGCU 

2187 CACUCAA COGAIXSAGGCCGAAAGGCCGAA AAM3AGC 
2189 GACACOC COGACGAGGCCGAAAGGCCGAA ADAAAUA 
2 IS 6 CADAAAA CUGADGAGGCCGAAAGGCCGAA ACACDCA 

2198 UACADAA CXJGAIXIAGGCCGAAAGGCCGAA AGACACU 

2199 CUACAUA CUGADGAGGCCGAAAGGCCGAA AAGACAC 

2200 CCOACA0 CUGADGAGGCCGAAAGGCCGAA AAAGACA 

2201 GCCUACA CUGADGAGGCCGAAAGGCCGAA AAAAGAC 
2205 UUUAGCC CUGADGAGGCCGAAAGGCCGAA ACADAAA 
2210 GUUCAUU CUGADGAGGCCGAAAGGCCGAA AGCCUAC 
2220 AGAGACC CUGADGAGGCCGAAAGGCCGAA AOGUUCA 
2224 GGCCAGA CUGADGAGGCCGAAAGGCCGAA ACCUADG 
2226 GAGGCCA CUGADGAGGCCGAAAGGCCGAA AGACCUA 
2233 GCUCCGU CUGADGAGGCCGAAAGGCCGAA AGGCCAG 
2242 GGACUGG CUGADGAGGCCGAAAGGCCGAA AGCOCCG 
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2248 OGACAUG (XPGADGAGGCCGAAAGGCCGAA ACUGGGA 

2254 UGAADGU CDGADGACXXXGAAAGGCCGAA ACADGGA 

2259 GACCOOG COGADGAGGCCGAAAGCX3CGAA ADGOGAC 

2260 UGALXJUU OTGAO3ACX3CCGAAAGG0CGAA AADGOGA 
2266 ACCOGGU CT3ADSAGGCCGAAACX3COGAA ACCOOGA 
2274 ACAACUG COSADSAGGCCGAAAGGCCGAA AOCUGGO 
2279 CCOGOAC CDGADGAGGCCGAAAGGCOGAA ACUGOAC 
2282 CAACCUG CIXIADGAGGCCGAAAG3CCGAA ACAACCG 
2288 AGOGOAC CCGADGAGGCCGAAAGGCCGAA ACCUGUA 
2291 UGCAGOG COSAD3AGGCOQAAAG300SAA ACAACCU 
2321 CCCAUOU COGADGAGGCCGAAAGGCCGAA AUCUUUU 

2338 CAADGAG CUGATOAGGCCGAAAGGCCGAA AGUCCCA 

2339 CCAADGA CUGADGAGGCCGAAAGGCCGAA AAGOCCC 
2341 GGCCAAD COGADGAGGCCGAAAGGCCGAA AGAAGDC 
2344 GUOGGCC OXSADGAGGCCGAAAGGCCGAA ADGAGAA 

2358 CDGGGGA CtGADGAGGCCGAAAGGCCGAA AGGCAGG 

2359 UCDGGGG CDGAIX3AGGCOGAAAGGCCGAA AAGQCAG 

2360 DDCOGGG COGADGAGGCCGAAAGGCCGAA AAAGGCA 

2376 AUAGAAA CDGAOGAQGCCGAAAGGCCGAA AOCACDC 

2377 GAOAGAA OX1ADGAGGCCGAAAGGCCGAA AADCACU 

2378 CGAUAGA COGADGAGGCCGAAAGGCCGAA AAADCAC 

2379 CCGAUAG CXJGADGAGGCCGAAAGGCCGAA AAAAUCA 

2380 GCCGADA COGADGAGGCCGAAAGGCCGAA AAAAAUC 
2382 GOGCCGA 03GAOSAGGCXX3AAAGGCCGAA AGAAAAA 
2384 UOGOGCC OT2ADGAGGCCCAAAGGCCGAA AUAGAAA 
2399 GUCCAUA CJGADGAGGCCGAAAGGCCGAA AGOGCUU 
2401 CAGUCCA COGADGAGGCCGAAAGGCCGAA AUAGUGC 
2411 GAACCAU OK^UGAGGCCGAAAiSGOCGAA ACCAGUC 

2417 ACCDGUG OX3ADGAGGCCGAAAGGCCGAA ACCADOA 

2418 AACCDGU C0GADGAGGO33AAAGGCCGAA AACCADU 

2425 ADCUCOG COGAIXJAGGCCGAAAGGCCGAA ACCOGCG 

2426 AAOCOCU OJGAOGAGGCCGAAAGGCCGAA AACCUGU 

2433 ACDGGGO CXIGAJCRSAGG<X^AAAGGOCGAA AOCDCUG 

2434 CACOGGG C0GAUGAGGCO3AAAGGCCGAA AADCOCU 

2448 GAGGAAU COGADGAGGCCX3AAAGGCCGAA AGGCCUC 

2449 GGAGGAA OT^DGAGGCCGAAAGGCCGAA AAGGCCU 

2451 AGGGAGG CQGADGAGGCXXAAAGGCCGAA AUAAGGC 

2452 AAGGGAG CTOGADGAGGOCGAAAGGCCGAA AADAAGG 
2455 GGGAAGG (TOGADGAGGOCGAAAGGCCGAA AGGAAUA • 

2459 OGGGGGG COGAOGAGGCXXIAAAGGGCGAA AGGGAGG 

2460 OOGGGGG OX3AOGAGGCCGAAAGGOCGAA AAGGGAG 

2479 GCOAACA O^ADGAGGCXGAAAGGCCGAA AGGUGUC 

2480 GGCUAAC OXIADGAGGCCGAAAGGCCGAA AAGGOGU 

2483 GGOGGCU CDGAIXSAGGCCGAAAGGCCGAA ACAAAGG 

2484 AGGUGGC CIK2ADGAGGCCX3AAAGGCXX5AA AACAAAG 
2492 GGGUGGG CUGALJGAGGCOIAAAGGCCGAA AGGUGGC 
2504 AGAAADG OJGADGAGGCCGAAAGGCCGAA AUGUGGG 

2508 UGGCAGA COGADGAGGCCGAAAGGCCGAA AUGOADG 

2509 CUGGCAG COGADGAGGCCGAAAGGCCGAA AADGOAD 
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2510 ACUGGCA CXXSAI23AGGCXEAAAGGCCGAA AAADGUA 

2520 CADUGUG aXJAOTAGGCOSWU^GCCGAA ACACOGG 

2521 DCADUGU CTOAIJGAGGCCGAAAGGCCGAA AACACOG 
2533 GACCGCO CTOADQUSGCCGAAAGGCCGAA AGOGOCA 
2540 CAGACAD aXSADGAGGOCGAAAGGCCGAA ACCGCGG 
2545 ADGUCCA OX3J3GAGGCTGAAAGGCCGAA ACADGAC 
2568 UOGGGCA COGAXXjAGGCCGAAAGGCCGAA ADCCCCU 
2579 CAAGGCA CUGATCAGGCCGAAAGGXGAA AGCOOGG 
2585 AGAGGAC OX^JOGAGGCCGAAAGGCCGAA AGGCAOA 
2588 ACAAGAG COGATTSAGGCOSAAAGGCCGAA ACAAGGC 
2591 AGGACAA (XGADGAGGCCGAAAGGCCGAA AGGACAA 
2593 ACAGGAC C0GAO3AGGCCGAAAG3CCGAA AGAGGAC 
2596 CAAACAG C03AJGGAGGCCGAAAGGCCGAA ACAAGAG 

2601 AAADGCA CTCADGAGGCCGAAAGGCOGAA ACAGGAC 

2602 GAAADGC CCTGADGAGGCCGAAAGGCCGAA AACAGGA 

2607 CCAGUGA CQGAI33AGGCCGAAAGGCCGAA ADGCAAA 

2608 CCCAGOG CDGADGAGGCCGAAAGGCCGAA AAD3CAA 

2609 UCCCAGU CTCADGAGGCOGAAAGGCCGAA AAADGCA 
2620 ADAGDGC CEGArauSGXTGAAAGGCCGAA AGCOCCC 
2626 GCDGCAA OXSAD3AGGCCGAAAGGCCGAA AGOGCAA 
2628 GAGCDGC CUGATOAGGCCGAAAQGCCGAA AQAGOGC 
2635 GAAAC0G COSADGAGGCCGAAAGGCCGAA AGCDGCA 

2640 OGCAGGA aJGATOAGGCCGAAAGGCCGAA ACDGGAG 

2641 COGCAGG CDGADGAGGCX3GAAAGGCCGAA AACDGGA 

2642 ACOGCAG CDGAOSAGGCCGAAAGGCCGAA AAACOGG 
2653 GGACCCU COGAlXsAGGCCGAAAGGCCGAA ADCACOG 
2659 COUGCAG CXX3ADGAGGCCGAAAGGCCGAA ACCCDGA 
2689 CCDCCAA CDGATOAGGOaGAAAGGCCGAA ACCGOGG 
2691 GUCCUCC OTGADGAGGCCGAAAGGCCGAA ADACCUU 
2700 UGGGAGG COGADGAGGCCGAAAGGCCGAA AGUCCDC 
2704 AAGCDGG CUGATOAGGCCGAAAGGCCGAA AGGGAGCT 

2711 CCOOCCA OJGADGAGGCCGAAAGGCCGAA AGCOGGG 

2712 CCCDUCC CTGADSAGGCOGAAAGGCCGAA AAGCDGG 
2721 CGCGGAD OX3AIXSAGGCCGAAAGGCCGAA ACCCOOC 
2724 ACACGCG CXJGAIX3AGGCOGAAAGGCCGAA ADGACCC 
2744 COACACA OX3AIX3AGGCCGAAAGGCCGAA ACACACA 
2750 GCOOGOC CHGADGAGGCX&AAAGGCCGAA ACACAIIA 
2759 AGAGCGA CDGAIX^AGGCCGAAAGGCCGAA AGCOOGO 
2761 ACAGAGC CDGADGAGGCCGAAAT^GOCGAA AGAGCDO 
2765 GGOGACA CXX3AIXSAGGCCGAAAGGCCGAA AGCGAGA 
2769 CCDGGGU OX^UGAGGCCGAAAGGCCGAA ACAGAGC 
2797 GAACCAU OJGADGAGGCCGAAAGGCCGAA AOOGCAC 

2803 UGCAGOG CUGADGAGGCCGAAAQGCCGAA ACCADGA 

2804 CXX3CAGO CXJGADGAGGCCGAAAGGCCGAA AACCAJDG 
2813 AGGUCAA OX^DGAGGCCGAAAGGCCGAA ACOGCAG 
2815 AAAGGOC OTGAIX3AGGCCGAAAGGCCGAA AGACDGC 

2821 AGCCCAA CXGAUGAGGCOSAAAGGCCGAA AGGUCAA 

2822 GAGCCCA CUGADGAGGCCGAAAGGCCGAA AAGGOCA 

2823 UGAGCCC OJGADGAGGCCGAAAGGCCGAA AAAGGUC 
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2829 ADCACOD CDGADGAGGCCGAAAG3CEGAA AGCCCAA 

2837 GOGGGAG OJGAOGAGGCCGAAAGGCCGAA ADCACOD 

2840 GAGGOGG CDGADGAGGCCGAAAGGCOGAA AGGADCA 

2847 GGAGGCU CUGAUGAGGCCGAAAGGCCGAA AGGOGGG 

2853 DACOCAG CXJGADGAGGCCGAAAGGCCGAA AGGCOGA 

2860 OCCCAGC CDGAUGAGGCCGAAAGGCCGAA ACOCAGG 

2872 GUGAGCC CDGAIX3AGGCCGAAAGGCCGAA ADGGUCC 

2877 G0G0OGD CTX^UXSAGGCCGAAAGGCCGAA AGCCOAD 

2899 AAAADCA CDGADSAGGCCGAAAGGCCGAA ADDCGCC 

2900 AAAAADC CDGADGAGGCCGAAAGGCCGAA AADUOGC 

2904 AAAAAAA CDGAD3AGGCCGAAAGGCCGAA AOCAAAD 

2905 AAAAAAA CUGAOGAGGCCSAAAGGCCGAA AADCAAA 

2906 AAAAAAA C0GAO3AGGCCGAAAGGCOGAA AAAOCAA 

2907 AAAAAAA COGADGAGGCXGAAAGGCOGAA AAAADCA 

2908 AAAAAAA CUGADGAGGCCGAAAGGCCGAA AAAAADC 

2909 AAAAAAA COGADGAGGCOiAAAGGCCGAA AAAAAAO 

2910 AAAAAAA CDGATCAGGODGAAAOGCCGAA AAAAAAA 

2911 AAAAAAA CTCADGAGGCOGAAAGGCOGAA AAAAAAA 

2912 GAAAAAA COGAIX3AGGCCGAAAGGCCGAA AAAAAAA 

2913 OGAAAAA QX3ATCAGGCCGAAAGGCCGAA AAAAAAA 

2914 COSAAAA OX3ADGAGGCCGAAAGGCCGAA AAAAAAA 

2915 OCDGAAA CDGADGAGG<XXSAAAGGCCGAA AAAAAAA 

2916 C0C0GAA CTCAIX3AGGCCGAAAGGCOGAA AAAAAAA 

2917 OCOCOGA CDGADGAjGGCCGAAAGGCCGAA AAAAAAA 

2918 GDCDCOG CTXSAIXxAGGCCGAAAGGCCGAA AAAAAAA 

2919 CGDCDOJ CCGADGAGGCOGAAAGGCCGAA AAAAAAA 
2931 GUDGCGA CDGAD3AGGCCX3AAAGGCCGAA ACCCCGU 
2933 ADGDD3C CDGAOSAGGCCGAAAGGCCGAA AGACCCC 
2941 DCOGGGC CDGADGAGGCCGAAAGGCCGAA ADGOOGC 
2951 . ACAAAGG CDGADGAGGCCGAAAGGCCGAA AGUCDGG 
2952 CACAAAG C0GADGAGGCCX3AAAGGCCGAA AAGOCOG 

2955 UAACACA CDGADGAGGCCGAAAGGCCGAA AGGAAGU 

2956 CDAACAC CDGADGAGGCCGAAAGGCCGAA AAGGAAG 

2961 AUUAACU CDGADGAGGCCGAAAGGCCGAA ACACAAA 

2962 UADUAAC CDGADGAGGCCGAAAGGCCGAA AACACAA 

2965 CUUUADU C0GAD3AGGCCGAAAGGCCGAA ACUAACA 

2966 GCUDOAU CDGADGAGGCCGAAAGGCCGAA AACOAAC 
2969 AAAGCUD CDGADGAGGCCGAAAGGCCGAA AUUAACU 

2975 GOOGAGA COGADGAJ3GCXGAAAGGCCGAA AGCUOUA 

2976 AGODGAG CDGADGAGGCCGAAAGGCCGAA AAGCDDD 

2977 CAGOOGA CDGADGAGGCCGAAAGGCCGAA AAAGCOD 
2979 GGCAGO0 CDGADGAGGCCGAAAGGCCGAA AGAAAGC 
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Table 5 

Mouse ICAM HH Ribozyme Sequence 

nt. Position Ribozyme Sequence 



1 T 




fTTTnUTRAfiGCT'f^A AAf^WYTi Ik 




1~\ 
£J 


AGCAGAG 






26 


AGGAGCA 






ti 
Jl 


UG03GAG 




AGCAGAG 


34 


CGACCuu 


UJUALKoAGUL^XxAAAGG^ 


ADGAGAA 


40 


AGGCuAC 


UJUiUJSAGGCCGAAAGGCCGAA 


AGOGDGC 


48 


CCAGGCU 


CDGADGAGGCCGAAAGGCCGAA 


AGGDCCU 


54 


CCADCAC 


CUGADGAGGCQGAAAGGCCGAA 


AGGCCCA 


56 


GGAGCOA 


CDGADGAGGCCGAAAGGCCGAA 


AGGCADG 


64 


CDGCDGG 


O0GAD3AGGCCGAAAGGCCGAA 


AGGGGUG 


96 


GGGCCAG 


COSADGAGGCOGAAAGGCCGAA 


AGCAGAG 


102 


CCAGCAG 


CDGADGAGGCCGAAAGGCCGAA 


ACDGGCA 


108 


GGGCCAG 


COGADGAGGCCGAAAGGCOGAA 


AGCAGAG 


115 


AGGAGCA 


CIXSADGAGGCCGAAAGGCCGAA 


AGAACCA 


119 


DCCOSGU 


CUGAIXLAGGCCGAAAGGCCGAA 


ACADOCC 


120 


GGGCCAG 


CDGADGAGGCCGAAAGGCCGAA 


AGCAGAG 


146 


GGAAGCG 


CDGADGAGGCXIX2AAAGGCCGAA 


ACGAOT3 


152 


AG03GCU 


CUGAIX»AGGOCGAAAGGCCGAA 


ACACAGA 


153 


GGUUUUU 


CUGAOGAGGCCGAAAGGCCGAA 


AACAGGA 


165 


GCAAAAC 


CXIGATOAGGCX^GAAAGGCCGAA 


ACOOCDG 


168 


GGGGCAG 


CUGADGAGGCCGAAAGGCOGAA 


AAGGCUD 


185 


CDGCACG 


CIK1ADGAGGCCGAAAGGCCGAA 


ACCCACC 


2U3 




CDGADGAGGCCGAAAGGCCGAA 


AAGDGGC 


227 


GCAAAAC 


CXJGADGAGGCCGAAAGGCQGAA 


ACUUCDG 


230 


GGAGCAA 


COGADGAGGCXX^AAAGGCCGAA 


ACAACUU 


237 ' 


AGUUOJC 


CtXIADGAGGCXDGAAAGGCCGAA 


AAGCACA 


248 


UUUAGGA 


aXSADGAGGCCGAAAGGCCGAA 


ADGGGUU 


253 


ocuuccu 


CDGADGAGGCCCAAAGGOCGAA 


AGGCAGG 


263 


CAGUAGA 


CDGADGAGGCTGAAAGGCCGAA 


AAACCCU 


267 


UAGGCAG 


CDGADGAGGCCGAAAGGCCGAA 


AGCCCCU 


293 


CAGCOCA 


OK3AUGAGGCCGAAAGGCCGAA 


ACAGCUD 


319 


GGCOCAG 


CDGADGAGGCCGAAAGGCCGAA 


ADCDCCU 


335 


GOUCOCA 


CXJGADGAGGCCCAAAGGCCGAA 


AGCACAG 


337 


CAGUGOG 


CUGADGAGGCXGAAAGGCCGAA 


ADUGGAC 


338 


DCAGCUC 


aX^DGAGGCCGAAAGGCCGAA 


AACAGOJ 


359 


AGCGGAC 


QXSADGAGGCCXaAAAGGCCGAA 


ACOGCAC 


367 


CGGGUUG 


CUGACR3AGGCCGAAAGGCCGAA 


AGCCAUU 


374 


GGGCAGG 


aJGADGAGGOXSAAAGGCCGAA 


AGGCUDC 


375 


GGGGCAG 


OT3ADGAGGCCGAAAGGCCGAA 


AAGGCUD 


378 


ACACGGU 


CDGADGAGGCCXSAAAGGOQGAA 


ATCGOAG 


386 


AAACGAA 


CDGADGAGGCCGAAAGGCCGAA 


ACACGGU 


394 


AGAUCGA 


OK^OGAGGCCGAAAGGCCGAA 


AGDCCGG 


420 


CGGGGGG 


aJGAUGAGGCCGAAAGGCCGAA 


AAGUCDG 


425 


COGCUGG 


OJC^GAGGCCGAAAGGOSIAA 


AGGGGDG 
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427 CACUGCU CIX3ADGAGGCOGAAAGGCOGAA AGAGCUG 

450 GCAGGGU CUGATCAGGCC^GAAAGGCCGAA AGGUCCU 

451 CAAAGGA CUGAIXiAGGCCGAAAGGCCGAA AGGOUUC 
456 AGUGGCU CUGAUGAGGCCGAAAGGCCGAA AGGGUAA 
495 ACACGGU CUGAUGAGGCCGAAAGGCCGAA AUGGOAG 
510 CCCCACG OXIADGAGGCCGAAAO^CCGAA AGCAGCA 
554 GGAUGGA CUGAXXSAG<SCCGAAAGGCCGAA ACCUGAG 
592 CCCADGU OX^USGAGGCCGAAACGCCGAA ACCUDOC 

607 CADGAGA CtX^UGAGGCCGAAAGGCCGAA ADOGGCU 

608 GCADGAG OX3ADGAGGCCGAAAGGCCGAA AADUGGC 

609 GGCAUGA COGADGAGGCCGAAAGGCCUAA AAAUUGS 
611 GCGGCAU CDGADGAGGCCGAAAGGCCGAA AGAAAUU 
656 CAGCUCA CUGADGAGGCCGAAACGCCGAA ACAGCUU 

■ 657 UCAGCUC CDGAIXsAGGCCGAAAGGCOGAA AACAGCO 

668 GGUGGCC OX3A02AGGCCGAAAGGCCGAA AGGCUCG 

677 AGGCUGG CUGADGAGGCCGAAAGGCXGAA AGAGGUC 

634 AGGACCG COGADGAGGCCGAAAGGCCGAA AGCUGAA 

692 AAGAUCG CCGAIX5AGGOCGAAAGGCCGAA AAGUCCG 

693 GCAGGGU CDGADGAGGCCGAAAGGCCGAA AGGUCCO 
696 GAGGCAG CUGAUGAGGOZGAAAGGCCGAA AAACAGG 
709 UGAGGOG OXSAjUGAGGCCGAAAGGCCGAA AGCCGCC 
720 AGCUGAA CJGAUGAGGCCGAAAGGCCGAA AGUUGUA 
723 CGGAGCU OJGAUGAGGCCGAAAGGCCGAA AAAAGUU 
735 CCUCCAG CUGAUGAGGCCGAAAGGCCGAA ADCUGGa 
738 CCAUCAC CUGAOGAGGCCGAAAGGCCGAA AGGCCCA 
765 GGAAGCG CXJGADGAGGCCGAAAGGCCGAA ACGACUG 

769 GGCAGGA ttX^UGAGGCCGAAAGGCCGAA ACAGGCC 

770 UUCCAGG CDGADGAGGCCGAAAGGCCGAA AGCAAAA 

785 GGCAGGA OJGAJUGAGGCCGAAAGGCCGAA ACAGGCC 

786 AGGCAGG CUGAUGAGGCCGAAAGGCCGAA AACAGGC 
792 CUUCCGA CUGAUGAGGCCX2AAAGGCCGAA ACCUCCA 
794 AGUCUCC CUGAOGAGGCXGAAAGGCCGAA AGCCCAG 
807 CCAGGOA CUGAUGAGGCCGAAAGGCCGAA ADCCGAG 
833 GGGUGUC CUGAUGAGGCCGAAAGGCCGAA AGCUUUG 
846 O-ACGGU CtXaADGAGGCCGAAAGGCCGAA ACCAGGG 
851 GCUGGUA aX3AIKSAGGCCGAAAGGCCGAA AGGUCCC 
863 CCAGAGG QX3AUGAGGCCGAAAGGCCGAA AGUGGCU 

866 GGGCAGG CUGAUGAGGCCGAAAGGCCGAA AGGCOUC 

867 UCUCCC-G CUGAUGAGGCCGAAAGGCCGAA AACGAAU 
869 CUUGCAU CUGAUGAGGCCGAAAGGCCGAA AGGAAGA 
881 ACGGGUU CUGAUGAJ3GCCGAAAGGCCGAA AAGCCAU 
885 UCACCUC CUGAUGAGGCCGAAAGGCCGAA ACCAAGG 
933 CCAGAAU CUGAUGAGGCCGAAAGGCCGAA AUUAUAG 
936 GCACCAG OXSAIX^GGCCGAAAGGCCXSAA AUGADUA 
978 AGUUGUA CUGAUGAGGCCGAAAGGCCGAA ACUGUUA 
980 - AAAGUUG CUGAUGAGGCCGAAAGGCCGAA AGACUGU 
986 AGCUGAA CUGAUGAGGCCGAAAGGCCGAA AGUUGUA 
9S7 GAGCUGA CUGAUGAGGCCG^AGGCCGAA AAGUUGU 
983 GGAGOJG CJGAUC^JC-GCCGAA^^GCCGAA AAAGUUG 
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1005 UCUCCAG COGAOGAGGCCGAAAGGCOGAA AUCOGGU 

1006 OUCCCCA COGADGAGGCCGAAAGGCCGAA ACOCOCA 
1023 CDUCCGA COGADGAGGCCGAAAGGCCGAA ACCUCCA 
1025 CCCUUCC COGAUGAGGCCGAAAGGCCGAA AGACCOC 
1066 OUADUUU OX3ADGAQXCGAAAGGCCGAA AGAGUGG 

1092 GGCCOGA CXX^AIT^GGCCGAAAGGCCGAA ADCCAGU 

1093 OOGGCUG 03GADGAGGCCGAAAGGCCGAA AGGUCCA 
1125 UCAAGAA CDGMX3AGGCXX3AAAGGCCGAA AGUOGGG 

1163 GCAAAAG COGADGAGGCCGAAAGGCCGAA AGCODCG 

1164 AGCAAAA CIX3MX3AGGCCGAAAGQCCGAA AAGCUDC 
1166 AGAGCAA COGADGAjGGCCGAAAGGCCGAA AGAAGCU 
1172 GGUUDUU COGADGAGGCCGAAAGGCCGAA AACAGGA 

1200 OGUGGAG CDGMXSAGGOCGAAAGGCCOAA AGCAGAG 

1201 OTGOOCA COGADGAGGCCGAAAGGCCGAA AAGCAGC 
1203 AOJGOJG CIX3m3AGGCCGWACaXCGAA AAAAAGU 

1227 GCACACG COGADGAGGCCGAAAGGCCGAA ADGUACC 

1228 AGCAAAA COGADGAGGCCGAAAGGCCGAA AAGCOOC 
1233 CDCOOCG CDGADGAQGCOGAAAGGCQGAA AAACGAA 
1238 AGGACCA OXaADGAGGCGGTAAAGGCCGAA ACAGCAC 
1264 CUDGCAC COC3AOGAGGCCGAAAGGCCGAA ACCOOOC 
1267 UUCCCCA COGADGAGGCCGAAAGGCCGAA ACOCOCA 

1294 GGCOCAG OX3ADGAGGCCGAAAGGOCGAA ADCUCCO 

1295 CUGCUGA COGADGAGGCXGAAAGGCCGAA ACCCCOC 
1306 CAUUUCA QX3ADGAJCX3CCGAAAGGCXXIAA AGOCOGC 
1321 UCCUCCU COGADGAGGCCGAAAGGCCGAA AGCCOOC 
1334 OOUAGGA CUGACQAGGCCGAAAGGCCGAA ADGGGUU 
1344 CACOCOC COGADGAGGCCGAAAGGCCGAA AGCUCAU 
1351 UAACUOA COGADGAGGCCGAAAGGCCGAA ACADDCA 
1353 CACCOOC COGADGAGGCCGAAAGGCCGAA ACCCACU 

1366 AGUUGUA COGADGAGGCCGAAAGGCCGAA ACOGOUA 

1367 AGGOGGG COGADGAGGCCGAAAGGCCGAA AGGOGCO 

1368 AGAGUGG COGADGAGGCCGAAAGGCCGAA ACAGUAC 
1380 CCACCCC COGADGAGGCXXaAAAGGCCGAA ADGGGCA 
1388 AGCCACU CUGAJDGAGGCCGAAAGGCOGAA AGUCOCC 
1398 GOUCDGO CUGADGAGGCX^GAAAGGCCGAA ACAGCCA 
1402 AGUOCOC COGADGAGGCCGAAAGGCCGAA AAGCACA 
1408 CCOCCCC COGADGAGGCCGAAAGGCCGAA ADCOCGC 
1410 CCCUUCC CXJGADGAGGCCGAAAGGCOGAA AGACCOC 
1421 ACAAAAG COGADGAGGCCGAAAGGCOGAA AGGOGGG 
1425 COCOACC COGALK^AGGCCGAAAGGCCGAA AGGCAGU 
1429 CAGGGGC COGADGAGGCCGAAAGGCCGAA AUAGAGA 
1444 UCCOCCU COGADGAGGCCGAAAGGCCGAA AGCCUOC 
1455 OCCOGGU COGADGAGGCCGAAAGGCCGAA ACAOOCC 
1482 GGGAGCA COGADGAGGCCGAAAGGCCGAA AACAACU 
1484 CAOGAGG COGADGAGGCCGAAAGGCCGAA AGAACAG 
1493 GUUCUCA OX2ADGAGGCCGAAAGGCCGAA AGCACAG 
1500 GGACCAO COGADGAGGCCGAAAGGCCGAA AUOOCAU 
1503 GAAUGAU COGAUGAGGCCGAAAGGCCGAA AUAGUCC 
1506 CGGUUAU COGAOGAGGCCGAAAGGCCGAA AACAUAA 
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1509 ACACGGO CtXiADGAG^CCGAAAGGCCGAA AOGGDAG 

1518 CGCCOGG CDGAOGAGGCXIiAAAGGCCGAA ACCAOGA 

1530 CCAGAAD CDGADGAGGCCGAAAGGCCGAA ADUADAG 

1533 GGCCCAC OK3ADGAGGCCGAAAGGCCGAA ADGACCA 

1551 AGCOGCD OXSADGAGGCCGAAAGGCCGAA AGGCADG 

1559 AGGDGGG OT3ACGAGGO0GAAAGGCCX^A AGGOGCD 

1563 GGDOADA CU£AIX^\GGCCGAAAG3CCGAA ACADAAG 

1565 GCGGUUA COGADGAGGCCGAAAGGCCGAA AAACADA 

1567 DGGOGGU CXJGADGAGGOOC^AAGGCGGAA ADAAACA 

1584 ADADCOJ OX1AIXAGGCCGAAAGGCCGAA ADCDUDC 

1592 UAACUOG C0GADGAGGCO3AAAGGCCGAA ADADCCU 

1599 CCODCDG C0GACGAGGCO3AAAG0CCGAA AACODGU 

1651 GCOCAGG CXEAOGAGGCCGAAAGGCCGAA AGGOGGG 

1661 CAAAGGA CDGAWSAGGCOGAAAGGCCGAA AGGUODC 

1663 UUCAAAG OX3ADGAGGCOGAAAGGCCGAA AAAGGUD 

1618 CCAGGCO CBGADGAGGCO^AAGGOCGAA AGGOCCU 

1680 CCAGAGG COGADGAGGCOGAAAGGCCGAA AGDGGCD 

1681 GCCAGAG CXGAOGAGGCCGAAAGGCCGAA AAGOGGC 
1684 ACAGCCA COGADGAGGCCGAAAGGCOGAA AGGAAGU 

1690 AGADOGA COGADGAGGCCGAAAGGCOGAA AGDCCGG 

1691 AAGADCG COGADGAGGCXXaAAGGCCGAA AAGOCCG 
1696 CCACCCC OJGAIX3AGGCCGAAAGGCCGAA AOGGGCA 
1698 CDCCAGG COGADGAGGCCGAAAGGCOGAA ADADCCG 
1737 GCOGGUA CDGADGAGGCCGAAAGGCCGAA AGGOCOC 
1750 UGAGGUG OJGAtKAGGCCGAAAGGCCGAA AGCOGCC 
1756 GGGCAGG OXIADGAGGCCGAAAGGCCGAA AGGCOUC 
1787 UGQGGAC CDGADGAGGCCGAAAGGCCGAA AOGUCOC 
1790 ADUAGAG COGALK^AGGCCGAAAGGCCGAA ACAADGC 
1793 DCCAGCC CTGADGAGGCCGAAAGGCCGAA AGGACCA 
1797 UDDADGU CDGADGAGGCCGAAAGGCCGAA ACUGGDG 
1802 UCDCCAG CDGADGAGGCCGAAAGGCCGAA ADCDGGU 

1812 GGCCDGA CDGADGAGGCCGAAAGGCCGAA ADCCAGU 

1813 UGAGGGU OKAOGAGGCCGAAAGGCCGAA AADGCDG 
1825 GCAGAGG OT3ADGAGGCOGAAAGGCCGAA AGCGDGG 
1837 GGAGCDA CDGAOGAGGCOGAAAGGCCGAA AGGCADG" 
1845 GGDGGCC CDGADGAGGCCGAAAGGCCGAA AGGCDCG 
1856 AAGADCG CIXSADGAGGCOGAAAGGCCGAA AAGOCCG 
1861 DACOSGA CDGADGAGGCCGAAAGGCCGAA ADCADGU 
1865 CUGAGGC CDGADGAGGCCGAAAGGCCGAA ACAAGDG 
1868 DDUADGD CDGADGAGGCCGAAAGGCCGAA AC0GGOG 
1877 AGOX3CD CDGADGAGGCCGAAAGGCCGAA AGGCADG 
1901 GUCCCUU CDGADGAGGCCGAAAGGCCGAA AGUDDUA 
1512 ACOGAtJC CDGADGAGGCCGAAAGGCCGAA ACUADAD 
1322 DAACDUA CDGADGAGGCCGAAAGGCCGAA ACADDCA 
1923 GADACCU CDGADGAGGCCGAAAGGCCGAA AGCADCA 
1928 CDGGUAA CXJGADGAGGCCGAAAGGCCGAA ACDCDAA 
1930 AGOX3GD CXKSAL^jGGCCGAAAC^CCGAA AAACOCU 
1964 UGGGGAC aJGADGAC^<CC^JLAC<:<^GiA AUGOCUC 
1983 UAACUDG OJGALX^^GCCGAAAC^^GAA AuAOCCU 
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1996 GGCUCAG CUGADGAGGCCGAAAGGCCGAA ADCUOCU 

2005 GGUCCGC OXSAUGAGGCCGAAAGGCCGAA AGCUCCA 

2013 UACOCAA CIJ3AIXIAGGCCGAAAGGCCGAA AAAUAGC 

2015 CCACCCC OX^UGAGGCCGAAAGGCCGAA AUGGGCA 

2020 CUCAGAA CXJGADGAGGCCGAAAGGCCGAA AACCACC 

2039 CCUCOGC CUGAOGAGGCCGAAAC-GCXGAA AGCCAGC 

2040 CCUCCAG CUGAUGAGGCCGAAPjGGCCXIAA AGGUCAG 
2057 GGADGOG COGAUGAGGCCGAAAGC<^GAA AGGAGCA 
2061 ACACGGU CUGAUGAGGCCGAAAJ3GCCGAA ADGGOAG 
2071 COGAGGC OJGAUGAGX3CCGAAAGGCXGAA ACAAGUG 
2076 UAGCUCU CXnAIXIAGGCa3lAAC<SCCGAA AGGCUAC 

2097 CADCAAG OX»DGAGGCXGAAAGGCCGAA AGAGUUG 

2098 CGGGGGG 05GADGAGGCCGAAAGGCCGAA AAGUGUG 
2115 AUCCUCC CD3ATX3AGGC03AAAGGCCGAA AGCUGGC 
2128 CUCAAUA OXSAOGAGGCCGAAAGGCOGAA ADAGCUG 
2130 GAGGCAG OTSADGAGGCOGAAAGOXGAA AAACAGG 
2145 CADCAAG CUGADGAGGCCGAAAGGCCGAA AGAGUUG 
2152 AACDCUA CUGADGAGGCCGAAAGGCX3GAA AUUAAUA 
2156 DAAUAAA COGAUGAGGCCGAAAGGCCGAA ACADCAA 

2158 AUUAAUA COGAD3AGGCCGAAAGGCCGAA ADACAXJC 

2159 AAUUAAU OJGADGAGGCCGAAAGGCCGAA AAUACAU 

2160 AAADUAA CUGADGAGGCCGAAAGGCCGAA AAAUACA 

2162 CUAAAUU CDGAUGAGGCCGAAAGGOCGAA AUAAAUA 

2163 AAUUAAU CUGADGAGGOXSAAAGGCCGAA AAUACAU 

2166 AAUAGAG C0GADGAGOCO3AAAGGCCGAA AUGAAGO 

2167 AAUUAAU CUGAUGAGGCCGAAAGGCCGAA AAUACAU 

2170 CUAAAUU CUGADGAGGCCGAAAGGCCGAA AUAAAUA 

2171 ' GGGAGCA OX2ADGAGCCCX2AAAGGCCGAA AACAACU 

2173 CUGGUAA CUGADGAGGCCGAAAGGCCGAA ACUCUAA 

2174 GCUGGUA CUGADGAGGCCGAAAGGCCGAA AACUCUA 

2175 AGCUGGU CUGAUGAGGCXX3AAAGGCCGAA AAACUCU 

2176 UAGCUGG CUGAUGAGGCCGAAAGGCCGAA AAAACUC 
2183 CAAUAAA CUGADGAGGCCGAAAGGCCGAA AGCUGGU 

2185 CUCAAUA CUGADGAGGCCGAAAGGCCGAA AUAGCUG 

2186 ACUCAAU CUGADGAGGCCGAAAGGCCGAA AAUAGCU 

2187 UACUCAA CUGAUGAGGCCGAAAGGCCGAA AAAUAGC 
2189 GGUACUC CUGAUGAGGCCGAAAGGCCGAA AUAAAUA 
2196 CADCAAG CXRSADGAGGCCGAAAGGCCGAA AGAGUUG 

2198 AACAUAA CUGADGAGGCCGAAAGGCCGAA AGGCUGC 

2199 AUAAACA OTCAUGAGGCCGAAAGGCCGAA AAGAGGC 

2200 CUUGCAU CUGAUGAGGCCGAAAGGCCGAA AGGAAGA 

2201 GCCGACA OX3AUGAGGCXX=AAAGGCCGAA AAAACUU 
2205 UCAGGCC CUGAUGAGGCCGAAAGGCCGAA ACA0AAA 
2210 AGCCACU CUGAUGAGGCCGAAAGGCCGAA AGUCUCC 
2220 AGAGAAC CUGAUGAGGCCGAAAGGCCGAA AUGCCAG 
2224 GGAUGGA CUGAUGAGGCCGAAAGGCCGAA ACCUGAG 
2226 GCGGCCU OX2ADGAGGCCGAAAGGCCGAA AGAUCCA 
2233 CCUCCAG CIK2AUGAGGCCGAAAGGCCGAA AGGUCAG 
2242 GGUCCGC CUC^UGAC-GCCGAAJVC^TCGAA AGCUCCA 
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2248 OGGGADG COGAUGAGGCCG^AAGGCCGAA AUGGAUA 

2254 UCAGUGU CDGA3JGAGGCCGAAAGGCCGAA AAUUGGA 

2259 CACCGUG C0GADGAGGCXDGAAAGGCC3AA ADGUGAU 

2260 GCACCGU CTCAtXIAGGCCGAAACGCCGLAA AAUGOGA 
2266 OCCOGGU CD3ADGAGGCCGAAAGGCCGAA ACADUCC 
2274 OCUCCAG OX^ADGAGGCCGAAAGGCCGAA ADCUGGU 
2279 CUUGCAC CDGADGACGCCGAAAOXXXAA ACCCUOC 
2282 CAGCUCA CDGADGAGGCOGAAAGGCC3GAA ACAGCUU 
2288 AGGCCAU COGADGAGGCCGAAAGG<rGAA ACUUAI3A 
2291 AGCAGAG CDGA3DGAGGCCGAAAGGCCGAA ACCACUG 
2321 CCCADGO CUGADGAGGCCGAAAGGOCGAA A0COUUC 

2338 CAGGGAG CUGADGAGGCCGAAAGGOCGAA AGUCUCA 

2339 CAAAGGA CUGADGAGGCOSAAAGGCCGAA AGGUUUC 
2341 AGGCUGG CCIGADGAGGCCGAAAGGCCGAA AGAGGUC 
2344 GCOGGAA CUGAUGAGGCCGAAAGGOCGAA ADCGAAA 

2358 COGCOGA CDGADGAGGCCGAAAGGCCGAA AGCUGGG 

2359 OCDGUDC CTGADGAGGCCGAAAjGGCCGAA AAAGCAG 

2360 UOCAAAG CDGAD3AGGCCGAAAGGCCGAA AAAGGUU 

2376 UCAGAAG CUGAUGAGGCCGAAAGGCXGAA ACCACCU 

2377 COCAGAA OX3ADGAiGGCCGAAAGGCCGAA AACCACC 

2378 CAGUAGA CDGAIX^AGGCCGAAAGGCCGAA AAACCCU 

2379 COUADGA COGAIXIAGGCCGAAAGGCCGAA AAAAGCA 

2380 GCCGACA CtJGAUGAC^CCGAAAGGCCGAA AAAACUU 
2382 GGGGCAA OTCAIJGAGGCCGAAAGGCCGAA AGAGAAO 
2384 UUGOGUC CUGAIXSAGGCaSAAAGGCCGAA ACUGGAO 
2399 GOCCACA COGAUGAGGCCGAAAGGCCGAA AGOCUUU 
2401 CAGCUCA OJGADGAGGCCGAAAGGCCGAA ACAGCUU 
2411 GCADCCU CDGADGAGGCCGAAAGGCCGAA ACCAGUA 

2417 ACGUAUG OJGAUGAGGCCGAAAGGCXGAA ACCAUUC 

2418 GGCCUGA COGAIXSAGGCXXSAAAGGCCGAA ADCCAGU 

2425 AACCCOC OX2AOGAGGCCGAAAGGCCGAA ACCCAUG 

2426 AAACUCU CXR3ADGAGGCCGAAAGGCOGAA AADDAAD 

2433 GCUGGOA CUGAOGAGGCCGAAAGGCCGAA AACUCOA 

2434 AGCOGGU COGADGAGGCCGAAAGGCCGAA AAACOCU 

2448 GGGCAGG COGADGAGGCCGAAAGGCCGAA AGGCUUC 

2449 GGGGCAG CD3ADGAGGCCGAAAGGCCGAA AAGGCUU 

2451 AGGCAGG CIXiADGAGG<XGAAAGGCCGAA AACAGGC 

2452 GAGGCAG QXiADGAGGCCGAAAGGCCGAA AAACAGG 
2455 GGGCAGG COGAUGAGGCCGAAAGGCCGAA AGGCUUC 

2459 GGGGGGG CUGAOGAGGCCGAAAGGCCGAA AGUGUGG 

2460 CGGGGGG CtXSAUCAGGCCGAAAGGCCGAA AAGUGUG 

2479 GCUGGOA Cl)GAUGAGGCCGAAAGGCCGAA AGGUCUC 

2480 GGADCAC OXiAIJGAGGCCGAAAGGCCGAA ACGGUGA 

2483 GGUGGCU CUGAUGAGGCOSAAAGGCCGAA ACAUUGG 

2484 GACUGGU CXX3AJ0GAGGCCGAAAGGCCGAA AAAAAAG 
2492 AGGOGGG CDGADGAGGCCGAAAGGCCGAA AGGUGCU 
2504 ACAAAAG COGADGAGGCCGAAAGGCXXsAA AGGOGGG 

2508 UGGGAUG CZX&X!G?JXX:CG?JW2G£a£A AUGGAUA 

2509 CUGGUAA CUGAUG^JGGCCGAAAGGCCGAA ACUCUAA 
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2510 GCUGGUA CDGAUGAGGCCGAAAjGGCCGAA AACDCDA 

2520 CAUUGGG OTGAOGAGGCCGAAAGGCCGAA ACAAAAG 

2521 UGAGGGU C0GAIK3AGGCCGAAAGGCCGAA AADGCGG 
2533 GAUACCO C33A3CR3AGGCCGAAAGGCOGAA AGCADCA 
2540 CACAGCG COGADGACGCCGAAAGGCCGAA ACCGCGG 

. 2545 AGGACCA CUGAUGAGGCCGAAAGGCCGAA ACAGCAC 

2568 UUUGACA CUGAUGAGGCCGAAAGGCCGAA ACGUCAC 

2579 CAGGCCA CUGAlTaAGGCCGAAACGCCGAA. AACUUAD 

2585 AGAGAAC CUGADGAGGCCGAAAGC<rGAA ADGCCAG 

2588 ADUAGAG CUGAIXSAGGCCGAAAGGCCGAA ACAAUGC 

2591 , AGGAGCA CUGADGAGGCCXSAAAGGCCGAA AGAACCA 

2593 GCAGAGC CUGATX3AGGCCGAAAGGCCGAA AAAGAAG 

2596 CADUGC-G CUGAIK^AGGCCGAAAGGCCGAA ACAAAAG 

2601 AAAOGAA CUGADGAGGCCGAAAjSGCCGAA ACACGGU 

2602 GGGADGG CUGAIX^GGCCGAAAGGCCGAA AGCUGGA 

2607 CCAGGUA CUGADGAJGGCCGAAAGGCCGAA ADCCGAG 

2608 CACAGCG CXJGAJOGAGGCCGAAAGGCCGAA ACDGCUG 

2609 UCCOGGU CUGAIXwVGGCCGAAAGGCCGAA ACADUCC 
2620 GCAGGGO CDGAIXJAGGCCGAAAJ3GCCGAA AGGUCCU 
2626 GCGGGAA CUGAUGAGGCCGAAAGGCCGAA ADCGAAA 
2628 AGGCUAC CDGADGAGGCCGAAAGGCCGAA AGUGUGC 
2635 AGGACCG CUGADGAGGCCGAAAGGCCGAA AGCUGAA 

2640 GGCAGGA aJGADGAGGCCGAAAGGCCGAA ACAGGCC 

2641 CUGCOGA OKSAIX2AGCXXSAAAGGCCGAA AGCUGGG 

2642 GAGGCAG CTXSADGAGGCCGAAAiKSCCGAA AAACAGG 
2653 GCADCCU <TDGAI>GAGGCa3AAAGGCCGAA ACCAGUA 
2659 CUUGCAC CIJGADGAGGCCGAAAGGCOGAA ACCCUUC 
2689 CCUCGGA CUGACK2AGGCCGAAAGGCCGAA ACADUAG 
2691 GGCCUCG COGAOGAGGCCGAAAGGCCGAA AGACADU 
2700 GGGCAGG COGAUGAGGCCGAAAGGCCGAA AGGCUUC 
2704 AGGCDGG QJGAOGAGGCCGAAAGGCCGAA AGAGGUC 

2711 CUGCUGA CTGADGAGGCCXSAAAGGCCGAA AGCUGGG 

2712 CCCUUCC CDGADGAGGCCGAAAGGCCGAA AGACCUC 
2721 CUUGCAC CUGAUGAGGCCGAAAGGCCGAA ACCCUUC 
2724 GCACACG CUGAUGAGGCCGAAAGGCCGAA ADGUACC 
2744 CUGCACG CUGAUGAGGCCGAAAGGCCGAA ACCCACC 
2750 GGUACUC CTUGAUGAGGCCGAAAGGCCGAA ADAAAUA 
2759 AGAUCGA aX3A0GAJ3GCCGAAAGGCCGAA AGUCCGG 
2761 GCAGGGU OTGADGAGGCCGAAAGGCCGAA AGGUCCU 
2765 AGCGGCA CUGAUGAGGCCGAAAGGCCGAA AGCAAAA 
2769 CCUGUUU CUGAUGAJ3GCCGAAAGGCCGAA ACAGACU 
2797 GGACCAU CX)GADGAGGCCGAAAJ3GCOGAA AUUUCAU 

2803 CGCCUGG CUGAUGAGGCCGAAAGGCCGAA ACCAUGA 

2804 CUGCACG CUGAUGAGGCCGAAAGGCCGAA ACCCACC 
2813 GGGUCAG CUGAUGAGGCCGAAAGGCCGAA ACCGGAG 
2815 AAAGUOG CUGADGAGGCCGAAAJCKXXXLAA AGACUGU 
2821 CCUCCAG CUGACK^JGGOCGAAAGGCCGAA AGGUCAG 
2322 AAGUCCG C^ACGAGGCCGAAAGGCCGAA AGGCUCC 
2823 UGGGAGC CUGAUGAGGCCGAAACCCCGAA AAAGGCA 
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2829 ADGAOUA OXADGAGGCCGAAAGSCCGAA AGDCCAG 

2837 DCAGAAG C0GA0GAGGOCGAAAGGCCGAA ACCACCD 

2840 CAGGCAG CUGADGAGGCCGAAAGGCCGAA AGUCUCA 

2847 GGUGGCU COGADGAGGCCGAAAGGCCGAA ACAODGG 

2853 AACADAA CtX^ADGAGGCCGAAAGGCCGAA AGGCDGC 

2860 UCACAGO CDGADGAGGCCGAAAGGCCGAA ACDOGGC 

2872 COUGGCD CDGADC^£GOCGAAAGGCCGAA AAGGUCC 

2877 GUGADGG C0GAO3AGC3CCGAAAGGCCGAA AGCGGAA 

2899 AAGADCG CDGADGAGGCCGAAAGGCCGAA AAGDCCG 

2900 • AAAACDC CDGADGAGGCCGAAAGGCCGAA AAADUAA 

2904 AAUAGAG CUGAIX^GCCGAAAGGCCGAA ADGAAGU 

2905 CAADAGA CDGADGAGGCCGAAAGGCCGAA AAUGAAG 

2906 UAADAAA CDGADGAGGCCGAAAGGCCGAA ACADCAA 

2907 AAADUAA COSA1X5AGGCCGAAAGGCOGAA AAAUACA 

2908 AGCAAAA C0GAO3AGt3CCGAAAGGCCGAA AAGCODC 

2909 AGAGCAA CTXJADGAGGCCGAAAGGCCGAA AGAAGCU 

2910 AAADUAA CDGADGAGGCCGAAAGGCCGAA AAADACA * 

2911 AAADDAA CUGAU3AGGCCGAAAGGCCGAA AAADACA 

2912 GACADUA CDGADGAGGCCGAAAGGCCGAA AGAACAA 

2913 OGACCAG CDGADGAGGCCGAAAGGCCGAA AGAGAAA 

2914 CUUADGA CDGADGAGGCCGAAAGGCCGAA AAAAGCA 

2915 UCUAAAD CUGAUGAGGCO^AAAGGCCGAA AADAAAD 

2916 COCCGGA CIJSADGAGGCXXjiAAAGGCCGAA ACGAADA 

2917 DCUCCGG OX3ADGAGGCCGAAAGGCCGAA AACGAAU 

2918 CUCUCCG CDGADGAGGCCGAAAGGCCGAA AAAOGAA 

2919 CGACCCD CDGADGAGGCCGAAAGGCCGAA ADGAGAA 
2931 CUUCCGA CDGADGAGGCCGAAAGGCCGAA ACCDCCA 
2933 CCCDDCC CDGADGAGGCCGAAAGGCCGAA AGACCDC 
2941 DGGGGAC CUGAUGAGGCCGAAAGGCCGAA ADGDCDC 

2951 GCAGAGG CDGADGAGGCCGAAAGGCCGAA AGCGUGG 

2952 CACAGCG CXK3ADGAGGCCGAAAGGCCGAA ACDGCDG 

2955 DGACACA CDGADGAGGOCGAAAGGCCGAA AGDCACD 

2956 DDGADUC CUCADGAGGOCGAAAGGCCGAA AAGGAAA 

2961 AGUGGCD CDGADGAGGCCGAAAGGCCGAA ACACAGA 

2962 AADDAAD CDGADGAGGCCGAAAGGCCGAA AADACAD 

2965 CUDUADU CUGAUGAGG<XGAAAGGCCGAA ADDCAAA 

2966 CCDCDGC CDGADGAGGCCGAAAGGCCGAA AGCCAGC 
2969 AAAACDD OX^DGAGGCCGAAAGGCCGAA ADDGADU 

2975 GCDGGDA CDGADGAGGCCGAAAGGCCGAA AACDCDA 

2976 AGDAGAG OX5ADGAGGCCGAAAGGCCGAA AACCCDC 

2977 CAGCDCA CDGADGAGGCCGAAAGGCCGAA ACAGCDD 
2979 GGCAADA QX^DGAGGCCGAAAGGCCGAA AGAAUGA 
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Table 9: Rat ICAM HH Ribozyme Target Sequence 



at . 


HH T&xsjefc so(ju.ence 


at • 


*TTT TflTOflt SfiminnrA 


Position 




Poaitioa 




11 


GAUCCAAU U CACACUGA 


394 


GGGGGGCU U CUGAACAG 


23 


GCUGACUU C CUUCUCUA 


420 


GCACCCCU C CCAGCGGA 


26 


GAACUGCO c uuecucuu 


425 
427 


CCUCGGCU U CCQCCAOC 


31 


CCUCUGCU C UXfUXXU 


OCCCCGUU U AAAAACCA 


34 


COGAAGCU C AGATJATJAC 


450 


AAGAACCU C ADCCUGCG 


40 


CTJCAAGGU A CAAGCCCC 


451 


GGGUACUU C CCCCAGGC 


48 


GAGAACCU C GGCCOGGG 


456 


CCCGGCoU C DGCCACCA. 


54 
58 


CCCCGCCU C CCDGAGCC 


495 
510 


GCCACCAU C AjCUGUGUA 


CCGUGCCU U OAGCUOCC 


GOGCUGCU C CGOGGGAA 


64 


CAAUGGCU 0 CAACCCGU 


564 


GAAAADGU U CCAAOCAC 


96 


CCUCUGCU C CUGGOCCU 


592 


GGGAGUAU C ACCAGGGA 


102 


ojuajggu c cuuyuuu: 


607 


GAGCCAAU U CCUCAOGC 


108 


GGACUGCU O GGGGAACU 


608 


AGCCAADU U CCCAUGCU 


115 


UCCUACCU O UGUUCCCA 


609 


GCCAADOU C CCADGCDU 


119 


GACACUUU C CCCAACUC 


611 


CAADUUCU C AJDGCUUCA 


120 


GOOGUGAU C CCCGGGCC 


656 


GUCACUGU U CAAGAADG 


146 


CCAGACCU U GGAACDCC 


657 


UCACCGUU C AAGAADGU 


152 


ACCCGGCU C CACCOCAA 


668 


GAACOGCU C UUCCUCUU 


1S8 


ADUOCDUU C AOGAGUCA 


677 


GCACCCCU C COjGCGCA 


165 


OGAACAGU A CDUCCCCC 


684 


AGGCAGCU C CGGACOUU 


168 


GAAGCCUU C OJGCtfJCG 


692 


CCAGACCU U GGAACDCC 


185 


GGGUGGAU C CGUGCAGG 


693 


CGGACUUU C GADCUUCC 


209 


CAGCCCCU A AECUGACC 


696 


GCCUGUUU C CCGCCUCU 


227 


GACCAAGU A ACOGOGAA 


709 


CAGCADUU A CCCCUCAC 


230 


CAAGCOGU D GUGGGAGG 


720 


COACAACU U nUCAGCOC 


237 


COGAAGCU C GACAOCCC 


723 


CAACUUUU C AGCDCCCA 


248 


GGCCCCCO A CCUUAGGA 


735 


CUCCUGGU C CUGGUCGC 


253 


CACOGCCU C AGUGGAGG 


738. 


CCCUGCCU C GGGGDGGA 


263 
267 


GAGOCAAU U DCUCAOGC 


765 
769 


ACUGUGCU U OGAGAACU 


GAAGOCUU C COGCCOCG 


OCUOGUGU O CCCUGGAA 


293 


GAAGCUCU U CAAGCOGA 


770 


CUUiUGUU C CCUGGAAG 


319 
335 


CGGAGGAU C ACAAACGA 


785 
786 


AGGCCDGU U DCCDGOCU 


ACOGDGCa U UGAGAACO 


GGCCUGUU U CCUGCCDC 


337 


TX3X3COAU A UGGOCCUC 


792 


CUCCDGGU C CUGGUCGC 


338 


AAGCUCUU C AAGCUGAG 


794 


OCCUGCCU C CGAAGCUC 


359 


CACGCAGU C CUCGGCUU 


807 


GCUCAGAU A IJACCUGGA 


361 


CAAUGGCU U CAACCCGU 


833 


CCUGGGGU U GGAGACUA 


374 


UUACCCCU C ACCCACCU 


846 


CUGACAGU U AUUUADUG 


375 


AGAAGCCa U CCUGCCDC 


851 


GCUCACCU U U?.GCAGCU 


378 


ACCCACCU C ACAGGGUA 


863 


CAAUGGCU U CAACCCGU 


386 


CGCOGUGU U UUGGAGCU 


866 


CCADGCUU C eJCUGACA 
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867 


GACCACCU 


C 


CCCACCUA 


1421 


GGGUACUU C CCOCAGGC 


869 




C 


UUGOGAAG 


*1 die 
X42D 


AOCCACCU C COCOGGCU 


881 


AAJJGGCOU 


c 


AACCUGUG 


1429 


AnACOOGU A GCCOCAGG 


ooc 

DOJ 


<aAJL> — rt^iaU 


a 




1 Add 


a^iar****-*!? r* ^.f^^n—f^sr- 






Q 




1455 




936 


GCAGAGAU 


TJ 


UOGOGOCA 


1482 


AGGGQACQ n ornnify! 


978 


UOGAGAAU 


c 


QACAACCU 


1484 


AOJGCUCU 0 CCOCUUGC 


980 


GAGAADCU 


A 


CAAcuuou 


1493 


CC03GGGD 0 GGAGACOA 


986 


CUACAACU 


0 


UOCAGCOC 


1500 


CGOGAAAD 0 ADGGUCAA 


987 


0ACAAOU 


0 


UCAGCUCC 


1503 ' 


GAAAADGU 0 CCAACCAC 


988 


ACAACCOU 


a 


CAGCDOCC 


1506 
1509 


CGGGOCAD A A0OGOGGS 


1005 


0TJCG0GA0 


c 


G0GGCGOC 


GCCACCAD C AiLUUlXJiA 


1006 


GOGGSAG0 


A 


UCACCAGG 


1518 


G0CCO3GO C GOJUUUOO 


1023 


CCGGAGGU 


C 


UCAGAAQ3 


1530 


ACCUGGGU C A0AA0OG0 


1025 
1066 


ccuaccou 


c 


AGAAGGQG 


1533 
1551 


CTOADCAD 0 GCGGGCD0 


U 


GDOCCCAA 


GO3GCCC0 C OGOXXaiA 


1092 
1093 


AGAGGGGO 
A3QGGAA0 


c 


UCAGCAGA 


1559 
1563 


TJGGGAAGO C ryrt'jH n is 


c 


CAGCOOCD 


OOCnAom n tiOTrrri 






Q 




1565 


1 IT 1hf*TLt*t 1 1 Jl f R IR/VVW* 

UUflUlLUj A UUfljUUGQC 






n 
u 




J—JQ I 


ACACCUAD 0 ACOGOCAG 


J_Lo4 










AG3AAGAU C AGGACIADA 


1166 


AUWJJIK-U 


0 


UUGCOCUG 


1592 


CAGGA0A0 A CAAGOOAC 


1172 


CUUUUWJU 


c 




1599 


0ACAAGDU A CAGAAGGC 


1200 
1201 


ACaX-AAJJU 


c 
c 


ACACU3AA 
UCCACAGG 


1651 

1661 


COXGO-U c ocogagcc 




COGCAOJU 0 GCX3CUGG0 






c 


CACAQOTC 


1663 


GAACAGA0 C AADGGACA 


1227 
1228 
1233 
1238 


UOGGAACU 


c 


CADGCX3CU 
GUGADOGU 


1678 
1680 
1681 
1684 
1690 


GAGAACCD C GGOCDC3GG 




c 


GGGO0UXJ C CACAGGOC 




c 

A 

c 




GGCOX3UU 0 OJJUOXJC 


GGAAAGAU 


ADAOGGG0 


CUGCDCGU A GACC0C0C 
mXAfXU A CADACADU 


JLxb / 


GtTCACOGU 


0 


CAAGAADG 


1691 


COGGACUO 0 CGADCUDC 


1294 


CACAGADU 


u 


OGOGOCAG 


1696 




1295 


AGAGGGGD 


c 


UCAGCAGA 


1698 


UCAGAUAU A CCDGGAGA 


1306 


AGCAGAC0 


c 


UOACADGC 


1737 




1321 


AACAGAGU 


c 


OSGGGAAA 


1750 


GOOCADO0 A CAOCOADTJ 


1334 
1344 


GOMJOCGO 


u 


CCCAGAGC 
AGGOA0CC 


1756 
1787 


OCOCDGC0 C COGGOCCU 


OCGGOGC0 


c 


GAGAAOC0 C GGCCOGGG 


1351 


OCAGGCCU 


A 


AGAGGAC0 


1790 


GACACOGU C CCCAACDC 


1353 


OAGCAGCU 


c 


AACAADGG 


1793 


ADGGOOCU C AOCOGGAC 


1366 


AGGGOACU 


a 


CTCCCAGG 


1797 


UCCC0GO0 0 AAAAAOCA 


1367 


GGGUACUU 


c 


CCOCAGGC 


1802 


GC0CAGA0 A OACCTJGGA 


1368 


GAUGG0GU 


c 


CCGCOGQC 


1812 


AACAGAG0 C 0G3GGAAA 


1380 


COGCCUAU 


c 


GGGADGGU 


1813 


GCGGGCU0 C GUGAUCGU 


1388 


DGGAGACU 


A 


ACDGGADo 


1825 


GCCACCAD C ACUGOGUA 


1398 


CUGGCCG0 


C 


ACAGGACA 


1837 


ACCCACC0 C ACAGGGQA 


1402 
1408 
1410 


CDGUGCDO 


a 


GAGAACDG 


1845 


AGAGGACU C GGAGGGGC 


UUUJUGAD 
CGAACUAD 


c 
c 


OXWOGUC 
GAGUGGAC 


1856 
1861 


CCCCUAA0 C 0GACO3GC 
CADGDGCU A 0ADGG0CC 
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1865 


UMJCCGGO 


A 


GACACAAG 


2198 


GAADOTCO 


C 


CGAGGUCA 


1863 


CCACGAGU 


C 


ADAUAAAU 


2199 


AGACUCUU 


A 


CADGOCAG 


1877 


ACAGGAOJ 


U 


CCCCCAGG 


2200 


GGGQACDD 


c 


COOCAGGC 


1501 


COAAAACU 


c 


AAGGUACA 


2201 


GGGCUUCU 


c 


CACAGGUC 


1912 


GAACAGAJJ 


c 


AADGGACA 


2205 


UUUUCJUGU 


c 


AGOCACGG 


1522 


ADGOAAGa 


u 


ADUGOCDA 


2210 


CGGAGACa 


A 


ACUGGADG 


1923 


CGGACGCU 


c 


ACCOOOAG 


2220 


GAGAACCU 


c 




1928 


GCUCACAU 


A 


UACCD2GA 


2224 


ACAOACAU 


a 


CCuAOCOT 


1930 


UGGAGACD 


A 


ACSGGADG 


2226 


CUGGACCU 


c 


AGGCCACA 


1964 


AGAGAEOT 


a 


GoGOCAGC 


2233 


OCACGCDU 


c 


ACAGAACO 


1983 


GAGAACCU 


c 


GGCCCGGG 


2242 


ACACAGCU 


c 


UCAGUAGU 


1996 


UGGAAGCG 


c 


UOCAAGCU 


2248 


CUCCUGGU 


c 


CTOGUCSC 


2005 




u 


AUUGCCUA 


2254 


ACCCAAOU 


c 


ACACUGAA 


2013 


CSCOGCCT 


A 


UCGGGADG 


2259 


GAJJCACAJJ 


a 


CAOSGCGC 


2015 


CCGCCOACr 


c 


GGGADGGU 


2260 


ADCACADU 


c 


ACGGDGCO 


2020 


UADOGAOT 


A 


CCCDGOAC 


2265 


ADCAGGACT 


A 


UACAAGOU 


2039 


OGGAGGAJ7 


c 


AjCAAACGA 


2274 


GAGCAGGO 


a 


AACAUGUA 


2040 


CCCGACC0 


c 


COGGAGGU" 


2279 


GGAAAGAD 


c 


AOACGGGU 


2057 


CAJUGDCOJ 


c 


CAADGGCU 


2282 


ACAGUOAU 


XJ 


UADCGAGU 


2061 


GCGUCCAU 


u 


UACAOCGA 


2288 


GCCCJGGU 


c 


CUCCAATJG 


2071 


AOACUCOT 


A 


GCCOCAGG 


2291 


CAGGAUAU 


A 


CAAGUUAC 


2076 


tGOAGCCU 


c 


AGGCCOAA - 


2321 


GGAAAGAD 


c 


ADACGGGU 


2097 . 


CCAACOCU 


u 


GUCGADGU 


2338 


UOGGGCDU 


c 


UCCACAGG 


2098 


CCOGACCU 


c 


CUGGAGGU 


2339 


GGGUACGU 


c 


CCCCAGGC 


2115 


CUCCGACU 


A 


GGGUCCCG 


2341 


GGGCCCGU 


c 


GGOGCDCA 


2128 


AGOGCGGU 


A 


CCADGADC 


2344 


CGGCUCGU 


A 


GAOCDCDC 


2130 


GCCUGCUU 


C 


cugccucu 


2358 


OCCCGCCU 


c 


CCCOCACA 


2145 


CCAACOCU 


a 


GUGGADGC7 


2359 


CCADCCAU 


c 


CCACAGAA 


21S2 


UOGAGAA0 


c 


DACAACUU 


2360 


CUUGGGOU 


c 


OCOGGAAG 


2156 


OGACAGGU 


A 


UUUADDGA 


2376 


GAACUGCD 


c 


UUULUCUU 


2158 


UGADOTAD 


U 


OAIJUAADU 


2377 


GACUUCCU 


TJ 


CUCUADUA 


2159 


GADGOAOT 


U 


ATJUAA0OC 


2378 


GCDGADOD 


c 


DUUCAOGA 


2160 


ADGOADUU 


A 


UOAADUCA 


2379 


CUGCUCUU 


c 


CUCUUGOG 


2162 


ACAUUCCa 


A 


CUJUUKJU 


2380 


OGAOOGCO 


0 


UCAGGAGU 


2163 


UADDOADa 


A 


ADDCAGAG 


. 2382 


AUUOCUUU 


c 


AOGAGUCA 


2166 


UGADGOA0 


U 


OADUAADU 


2384 


UAJDCCGGU 


A 


GACACAAG 


2167 


GAUGGADU 


D 


ADUAADDC 


2399 


UAAADACU 


A 


OGOGGACG 


2170 


GUAuuuaU 


a 


AAOOCAGA 


2401 


UGUGCUAU 


A 


UGGUCCDC 


2171 


CAGUUADU 


0 


AUUGAOTA 


2411 


CAADUUCU 


C 


ADOCDDCA 


2173 


CGOGCOAU 


A 


UGGOCCOC 


2417 


AUCAGGAD 


A 


UACAAGUO 


2174 


UCUCUADU 


A 


CCCCUGCU 


2418 


DCADGOJU 


C 


ACAGAACT 


2175 


ADuncoua 


C 


ACGAGOCA 


2425 


UUADOAAD 


D 


CAGAGOUC 


2176 


GAAAAUGG 


O 


CCAACCAC 


2426 


CCUGGGGU 


U 


GGAGACOA 


2183 


OGACAGUU 


A 


OUUAUUGA 


2433 


UCAGAGUU 


C 


UGACAGUU 


2185 


ACAGUOAU 


D 


OAUUGAGU 


2434 


CGGAGGAD 


c 


ACAAACGA 


2186 


CAGUUADU 


U 


AUCGAGOA 


2448 


OGAACAGO 


A 


cuuccccc 


2187 


AGUUADOU 


A 


DUGAGOAC 


2449 


GAAGCCUU 


C 


ojgccucg 


2189 


UUADUUA0 


U 


GAGOACCC 


2451 


GGCCDGvjU 


u 


CCUGCCOC 


2196 


CUGACAGU 


O 


ADUQADUG 


2452 


GCCUGGGU 


c 


CUGCCCOJ 
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2455 
2459 
2460 


ACADUCCU 
CCCOGOCD 
CCDACCDU 


A 


COJUUGUU 


2761 
2765 
2769 


CGGAcuuu C GADOPUCC 


C 


CUCCCACA 


CUUUUGCU C UGCGGCCU 


a 


QJUCOJAA 


UUCJOJAD U ACCCCOGC 


2479 


OtJACACCU 


A 


UUACCGCC 


2797 


CGDGAAAU U ADGGDCAA 


2480 


GDCGCCGO 


a 


GUGADCCC 


2803 


CUCADGCU a CACAGAAC 


2483 


ACCUUUGU 


V 


CCCAAJDGU 


2804 


UCADGCUU C ACAGAACU 


2484 


CCUUUGUU 


c 


CCAADGOC 


2813 


GCUCCCAO C CUGACCCU 


2492 


GACCACCU 


c 


CCCACCUA. 


2815 


CGGACUUU C GADCUUCC 


2504 


ACCUACAD 


A 


CAUUOCUA 


2821 


% T A* r-ir -|_ _ _ ■ _r-i_n_j w 

CCUGACCU C CUGGAGGU 


2508 


ACAUACAU 


V 


ccuAccua 


2822 


UACAACUU U UCAGCUCC 


2509 


CAUACAUU 


C 


CUACCUIAJ 


2823 


CAACUDDU C AGCUCCCA 


2510 


GUCCADUU 


A 


CACCUAEU 


2829 


OCGGOGCU C AGGOADCC 


2520 


ACCCUUGU 


O 


CCCAAIX3J 


2837 


CACAGGGU A CUUCCCCC 


2521 


CCUUUGUU 


C 


CCAAUGUC 


2840 


GCACCCCO C CCAGCGCA 


2533 


ACAGCADU 


a 


AUJQJLRJA 


2847 


UOACCCCU C ACCCACCU 


2540 


UCGGUGCU 


c 


AGGOADCC 


2853 


CTOGADCU U CCGACDAG 


2545 
2563 


AG3CAGCU 
CAGAGADU 


c 


CGGRCUUU 


2860 
2872 


UUJLUJGU U CCCUGGAA 


u 


UGUGUCAG 


GGGCCUGU C GGCGCOCA 


2579 


OCUGCACU 


u 


OGCCCDGG 


2877 


UGGAGUCU C CCAGCACC 


2585 


CUGCUCGU 


A 


GACCUCUC 


2899 


AGGCAGCU C CGGACUUU 


2588 
2591 
2593 


ugccoocu 


c 


CCACAGCC 


2900 
2904 
2905 


GGCUGACU O CCUUCUCU 


ojcuuccu 

UCUCUADU 


c 

A 


C0GCGAAG 


GAACUGCU C UUOCUCUU 


axruucu 


GGCUGACU U CCUUCUCU 


2596 


C0CC0QGU 


C 


CUGGtJCGC 


2906 


GUUGADGU A UUUADUAA 


2601 


1/aUGCUAU 


A 


W3GUCCUC 


2907 


CUGCDCUU C CUCOUGCG 


2602 


guccuggu 


C 


GCCGUOGU 


2908 


U3AUGUA0 U UAUUAADU 


2607 


GOGGGAGU 


A 


DCACCAGG 


2909 


GAACUGCU C UUOCUCUU 


2608 


OJUUAGCU 


C 


CCGUG3GA 


2910 


ACUUCCUU C UCOAUUAC 


2609 


UGGAGACU 


A 


ACOGGADG 


2911 


OUCCOUCU C UADUACCC 


2620 


DCAGAGDU 


C 


DGACAGDU 


2912 


ADGUADUU A UUAADUCA 


2626 


CUCOCAGU 


A 


GD3CUGCU 


2913 


UGUGUADU C GUUCCCAG 


2628 


uacaacuu 


O 


UCAGCUCC 


2914 


GUAUUUAU U AAUOCAGA 


2635 


UCACAGAU 


c 


CAADUCAC 


2915 . 


UADUUADU A ADUCAGAG 


2640 


GCOCAGGU 


A 


UCCADCCA 


2916 


CDCUUCCU C UUGOGAAG 


2641 


CCCCACCa 


A 


CAUACADU 


2917 


CUUCCUCU U GCGAAGAC 


2642 


GCCUGUUU 


C 


C0GCCDCU 


2918 


AUUUCUUU C ACGAGDCA 


2653 


CCACAGOT 


c 


AGGGDGCU 


2919 


UUUUGDGU C AGCCACUG 


2659 


AGAAGGGU 


c 


C0GCAAGC 


2931 


GADGGUGU C. CCGCUGCC 


2689 


ACUAGGGU 


c 


CUGAAGCU 


2933 


UGGAGUCU C CCAGCACC 


2691 


UCAGGCCU 


A 


AGAGGACXJ 


2941 


CAGUACUU C CCCCAGGC 


2700 


AGGOTACU 


u 


CCCCCAGG 


2951 


ACCADGCU U CCUCUGAC 


2704 


GACCACCU 


c 


CCCACCUA 


2952 


CCGGACUU U CGADCUUC 


2711 


CCCUACCU 


a 


AGGAAGGU 


2955 


OGCUUCCU C UGACAUGG 


2712 


ccuAccua 


A 


GGAAGGUG 


2956 


CUUUCCUU U GAADCAAD 


2721 


GGAAAGAU 


C 


ADACQQGU 


2961 


UUUUGUGU C AGCCACUG 


2724 


AAGADCAD 


A 


CGGGUUUG 


2962 


UGUGUAUU C GUUCCCAG 


2744 


GGGUGGAU 


C 


CGUGCAGG 


2965 


CUUUGAAU C AAUAAAGU 


2750 


GOCCCUGU 


U 


QAAAAACC 


2966 


DOGAAGCU C UUCAAGCU 


2759 


GACGAACU 


A 


UCGAGOGG 


2969 


GAADCAAU A AAGUUUUA 
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2975 OGGAAGCQ C DDCAAGCU 

2976 UADADGGU C CDCACCDG 

2977 GAAGCDCa O CAAGCDGA 



SUBSTITUTE SHEET (RULE 26) 



NUC 37810 



WO 95/23225 

206 

Tabic 10: Rat ICAM EH Ribozyme Sequences 





Rat HH Ribaxyme Saquance 


Position 








n 


OCAGCGOG 


COGAIX3AGGCCGAAAGGCCGAA. 


ADCGGACC 


23 


UAGAGAAG 


C03AIX3AGGCCGAAAGGCCGAA 


AAGDCAGC 


26 


AAGAGGAA 


CtKSADGAGGCCGAAAGGCCGAA 


AGCAGOOC 


31 


AGGACCAG 


COGAIX3AGGCCSAAAGGCOGAA 


AGCAGAGG 


34 


GUAUADCO 


CXK&DGAJGGCCGAAAGGCCGAA 


AGCDOCAG 


40 


GGGGOT3G 


COGADGAGGCCGAAAGGCCGAA 


ACCUUGAG 


46 


CCCAGGCC 


CDGADGAGGCCGAAAGGCCGAA 


AGGOTCCC 


54 


GGCDCAGG 


COGAIXSAGGCCGAAAGGOCGAA 


AGsjGGGw» 


58 


GGGAGCOA 


COGAIX3AGGCCGAAAGGCOGAA 


AGGCAOGG 


64 


AOGGGUUG 


CUGALX3AGGCCGAAAGGCCGAA 


AGCCADOG 


96 


AGGACCAG 


OT3ADGAGGCCGAAAGGCCGAA 


AGCAGAGG 


102 


GCGACCAG 


CUGADGAGGCCGAAAGGCCGAA 


AOCAGGAG 


108 


AGOUCCCC 


CDGADGAGGCCGAAAGGCCGAA 


AGCAGOCC 


115 


TJGGGAACA 


OX3ADGAGGCCGAAAGGCCGAA 


AGGOAGGA 


119 


GAGUUGGG 


CtXiADSAGGCGGAAAGGCCGAA 


ACAGUGUC 


120 


GGCCCGGG 


CUGADGAGGCCGAAAGGCCGAA 


ADCACAAC 


146 


GGAGUUCC 


CDGADGAGGCCGAAAGGCCGAA 


AGGOCUGG 


152 


UDGAGGUG 


CTX3ADGAGGCCGAAAGGCCGAA 


AGCCGGG0 


158 


UGACUCGU 


CUGADGAGGCCGAAAGGCCGAA 


AAAGAAAD" 


165 


GGGGGAAG 


CX3GADGAGGCXXAAAGGCCGAA 


ACDGUOCA 


163 


CGAGGCAG 


CDGADGAGGCCGAAAGGCCGAA 


AAGGCODC 


185 


CCDGCACG 


CUGADGAGGCXTGAAAGGCCGAA 


ABCCACCC 


209 


GGOCAGAU 


aravoGAGGcasAAAGGCCGAA 


AGGGGCUG 


227 


UUCACAGU 


CXXSADGAGGCCGAAAGGCCGAA 


ACOOGGUC 


230 


CCOCCCAC 


CXK3ADGAGGCCGAAAGGCCGAA 


ACAGCOCG 


237 


GGGGOOTC 


COGADGAGGOCGAAAGGCOGAA 


AGCOUCAG 


248 


UCCUAAGG 


OX3ADGAGGCCGAAAGGCCGAA 


AGGGGGCC 


253 


ccoccaco 


CDGADGAGGCCGAAAGGCCGAA 


AGGCAGOG 


263 


GCADGAGA 


COGADGAGGCXEAAAGGCCGAA 


ADOGGCUC 


267 


CGAGGCAG 


COGADGAGGOCGAAAGGCCGAA 


AAGGCODC 


293 


UCAGCUOG 


CUGAIXSAGGCCGAAAGGCCGAA 


AGAGCODC 


319 


0CGUOT3U 


OX3ADGAGGCCGAAAGGCCGAA 


ADCCUCCG 


335 


AGUUCUCA 


CT33ADGAGGCOGAAAGGCCGAA 


AGCACAGU 


337 


GAGGACCA 


CDGAIXSAGGCCGAAAGGCCGAA 


ADAGCACA 


338 


CUCAGCUU 


COGADGAGGCCGAAAGGCCGAA 


AAGAGCOU 


359 


AAGCCGAG 


CUGADGAGGCCGAAAGGCCGAA 


ACOGQGOG 


367 


ACGGGUOG 


CUGADGAGGCCGAAAGGCCGAA 


AGCCADOG 


374 


AGGOGGGU 


OTGAUGAGGCCGAAAGGCCGAA 


AGGGGOAA 


375 


GAGGCAGG 


CUGADGAGGCCGAAAGGCCGAA 


AGGCUUCU 


378 


UACCCOGC 


COGAIJGAGGCCGAAAGGCCGAA 


AGGOGGGO 


386 


AGCUCCAA 


CUGADGAGGOCGAAAJ3GCCGAA 


ACACAGCG 
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394 COGOUCAG COGADSAGGOCGAAAGGCCGAA AGCACCAC 

420 DGCGCOGG CDGSiDGAGGCCGAAAGGCCGAA AGGGGUGC 

425 GGOGGCAG CIEMX3AGGCCG3LAAGGCCGAA AGCCGAGG 

427. UGGOUOUU OXSATOAGGCXGAAAGGCCGAA AACAGGGA 

450 CGCAGGA3U a73MX2AGGC02UVAGGCCGAA AGGUOCUU 

451 GCCOGGGG aXSADGAGGCCGAAAGGCOGAA AAGUACCC 
456 UGGOGGCA COGADGAGGCCGAAAGGCCGAA AAGCCGAG 
495 UACACAGO C0GADGAGGCOGAAAGGCD3AA ADGGUGGC 
510 UUCCCACG OT2AXX3AGGCTGAAAGGCCGAA AGCAGCAC 
564 GGGGUGGG CUGADGAGGCCGAAAGGCCGAA ACABUUUC 
592 UCCCUGGU O33ADGAGGCCGAAAGGC0GAA ADACUCa; 

607 GCADGAGA aX2UX3AGGCCGAAAGGCCGAA AOOGGCUC 

608 AGCADGAG COGADGAGGCCGAAAGGCCGAA AAUUGGCU 

609 AAGCADGA C0GAIX3AGGCXGAAAGGCO3AA AAADOGGC 
611 UGAAGCAD CDGAIXSAGGCOGAAAGGCCGAA AGAAADUG 

656 CADUCDCG COGAJXOGGOaGAAAGGCOGAA ACAGOGAC 

657 ACAUUOJU COGADGAGGCCGAAAGGCCGAA AACAGOGA 
663 AAGAGGAA COGADGAGGCCGAAAGGCCGAA AGCAGOOC 
677 DGCGCOGG OJGADGAGGOCSAAAGGCOGAA AGGGGDGC 
684 AAAGDCCG COGADGAGGCCGAAAGGCCGAA AGCOGCCO 

692 GGAGOUCC C0GADGAGGCOGAAAGGOCGAA AGGOC Q GG 

693 GGAAGADC COGACCAGGCCGAAAGGCCGAA AAAGUCCG 
696 AGAGGCAG COGADGAGQCOGAAAGGOOGAA AAACAGGC 
709 GOGAGGGG OX3ADGAGGCOGAAAGGCOGAA AAADGCDG 
720 GAGCOGAA CUGADGAGGCCGAAAGGCCGAA A GDD3DA G 
723 UQGGAGCU CXGADGAGGCCGAAAGGCCGAA AAAAGUUG 
735 GCGACCAG COGAIXSAGGCCGAAAGGCOGAA AOCAGGAG 
738 DCCACCCC CTOAD3AGGCCGAAAGGCCGAA AGGCAGGA 
765 AGOOCOCA CXR3^DGAGGCCGAAAGGCCGAA AGCACAGU 

769 UUCCAGGG COGADGAGGCCGAAAGGCOGAA ACACAAGA 

770 CODCCAGG CDGADGAGGOOGAAAGGOCGAA AACACAAG 

785 AGGCAGGA C0GADGAGOCCGAAAGGCCGAA ACAGGCCU 

786 GAGGCAGG CTXaAUUAGGCCGAAAGGCCGAA AACAGGCC 
792 GCGACCAG CTOAIXSAGGCCG7^AAGGCCGAA AOCAGGAG 
794 GAGCUUCA CXKSAIX5AGGCCGAAAGGCCGAA AGGCAGGA 
807 UCCAGGOA CDGAIXSAGGOCGAAAGGOCGAA ADCDGAGC 
833 UAGOCDCC CXK2ABGAGGCCGAAAGGCCGAA ACCCCAGG 
846 CAAUAAAU OT3ADGAGGCC3GAAAGGCCGAA ACOGOCAG 
851 AGCUGCUA COGADGAGGCCGAAAGGCCGAA AGGUGAGC 
863 AOGQGOUG QXjAIX3AGGCX3GAAAGGCCGAA AGCCADUG 

866 OGOCAGAG CUGAIXSAGGCCGAAAGGCCGAA AAGCA0QG 

867 OAGGOGGG CUGAITCiGGCCGAAAGGCCGAA AGGOGGUC 
869 CUUCGCAA CUGADGAGGCOGAAAGGCCGAA AGGAAGAG 
831 CACGGGDU CU3ADGAGGCCGAAAGGCCGAA AAGCCAIXJ 
885 UUCACAGO OXaOGAGGCCGAAAGGQCGAA ACUUGGOC 
933 COGGGAAC COGADCxAGGOCGAAAGGCCGAA AADACACA 
536 OGACACAA GJGADGAGGCCGAAAGGCCGAA ADCDCOGC 
978 AAGUOGUA 05GADGAGGCCGAAAGGCCGAA AUOCOCAA 
980 AAAAGUUG COGAUGAGGCCGAAAGGCCGAA AGAUUCUC 
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986 GAGCOGAA CUGADSAGGCCGAAAGGCCGAA. AGUCGOAG 

987 GGAGCOGA CUGAUGAGGCCGAAAGGCCGAA AAGUOGUA 

988 GGGAGCOG CW2AIX2AGGCCGAAAGGCCGAA AAAGOOGU 

1005 GACGCCAC OJGADGAGGCCGAAAGGCCGAA ADCACGAA 

1006 CC0GG0GX OTGAIJSAGGCCGAAAGGCCGAA. ACDCCCAC 
1023 CCOOCOGA OTGWXSAGGCCGAAACGCCGAA ACCUCCSG 
1025 CCCOJCCD CXJGA3DGAGGCOSAAAGGCCGAA AGACOJCC 
1065 UGGGGAAC CTCAiDGAGGCOGAAAGGCCGAA AAJ3GUAGG 

1092 OCtXPCOGA CTCADGAGGCCGAAAGGCCGAA ACCCCUCU 

1093 AGGGGCUG CIX3AIX3AGGCCGAAAGGGCGAA ATOCCCOJ 
1125 AECAACAA OK3UX2AGGCCGAAAGGCCGAA AGOOGGGG 
1163 AGCAAAAG CUGADGAGGCXGAAAGGCCGAA AGCGCCCa 
1264 GAGCAAAA OGAD3AGGCOGAAAGGCOGAA AAGCGOCG 
1166 CAGAGCAA CXEATCAGGCOGAAAGGCCGAA AGAAGCSU 
1172 AGGCCSCA COGAIX2AGQCCGAAAGGCOGAA. AGCAAAAG 

1200 UDCAGOGa COGAXXSUSCXTGAAAGGCCGAA AADOGGAD 

1201 CCOGDGGA CtX3UX3AGGOOQAAAGGCCGAA AAGCCCAA 
1203 GACCOGCG CUGADSAGGCCGAAAGGCCGAA AGAAGCCC 

1227 AGCACADG OX3ADGAGGCCGAAAGGCCGAA AGCUCCAA 

1228 AOGAUCAC QX3ATCAGGOCGAAAGGCCGAA AAGCCCGC 
1233 GCGACCAG CUGATCAGQCG3AAAGGCCGAA AOCAGGAG 
1238 GAGGACCA CTGAIX5AGGCCGAAAGGCCGAA ADAGCACA 
1264 ACCCGOJVXJ COGADGAGGCCGAAAGGCCGAA ADCUUOCC 
1267 CADDCODG COGADGAGGOCGAAAGGCCGAA ACAGOGAC 

1294 CUGACACA OX2AIX3AGGCCGAAAGGCCGAA AADC0CCG 

1295 UCOGCOGA OTGWDGAGQCOSAAAGGCOGAA ACCCCOCO 
1306 GCAEGUAA CDGATOAGGCOGAAAGGCCGAA AGCCOGCO 
1321 UDGCCCCA CTOAD3AGCXX3GAAAGGCCGAA ACUCUG UU 
1334 GCOOTGGG CD3AIX3AGGCCGAAAGGOQGAA ACX3AADAC 
1344 GGADACCU COGADGAGGCCGAAAGGOCGAA AGCACCGA 
1351 AGOCCCCO CCGAOSAGGCCGAAAGGCCGAA AGGCCOGA 
1353 CCADCGOU CDGADGAGGCCGAAAGGCOGAA AGC0GC0A 

1366 CCOGGGGG CDGAIX3AGGCOGAAAGGCOGAA AGOAOCCO 

1367 GOCUGGGG CDGADGAGGCCGAAAGGCCGAA AAGOACCC 
1363 GGCAGCGG Q3GADGAGGCCGAAAGGCCGAA ACACCADC 
1380 ACCADCCC COSATOAGC3CCGAAAGGCOGAA AEAGGCAG 

1368 CAUCCAGO COGADGAGGCCGAAAGGCCGAA AGDCDCCA 
1358 DGUCCDGU COSAIX3AGGOCGAAAGGCCGAA ACAGCCAG 
1^02 CAGUUCDC CDGAJ3GAGGCOGAAAGGCCGAA AAGCACAG 
1408 GACGCCAC CUGATCAGG022AAAGGCCGAA ADCACGAA 
1410 GUCCACDC COGAD3AGGCCGAAAGGCCGAA ADAGUOCG 
1421 GCCUGGGG COGADGAGGCCGAAAGGCCGAA AAGOACCC 
1^25 AGCCAGAG CDGAIX5AGGCCGAAAGGCCGAA AGGCGGGU 
1429 CCOGAGGC CUGATKAGGCCGAAAGGCCGAA ACAAGUAD 

. 1444 CUCCUCCU CUGADGAGGCCGAAAGGCCGAA AGCCDUCU 

1455 UCCCDGGU OJGATOAGGCOSAAAJGGCCGAA AI1ACUCCC 

1482 CCOGGGGG CDGADSAGGCCGAAAGGCCGAA AGOACCCU 

1484 GCAAGAGG CDGADGAGGCCGAAAGGCCGAA AGAGCAGU 

1493 UAGUCUCC OJGATOAGGCCGAAAGGCCGAA ACCCCAGG 
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X500 UOGAfcCAD CDGAKSAGGCCGAAAGGCCGAA ADDDCACG 

1503 GOGGODGG OXMX3AGGCCGAAAGGCCGAA ACADOOOC 

1506 CCAACAAD CDGADGAGGOZGAAAGGCCGAA ADGACCCA 

1509 UACACAGD CDGATCAGGCCGAAAGGCCGAA AEGGUGGC 

1518 ACAACGGC QXJOXSAGGCCGAAAGGCCGAA ACCAGGAC 

1530 ACAAUOA0 COGAB3AGGCCGAAAGGCCGAA ACCCAGGU 

1533 AAGCCCGC CDGADGAGGCCGAAAGGCCGAA ADGADCAG 

1551 UAOGAGCA COGMK3AGGCCGAAAGGCOGAA AG3GCCAC 

1559 DAAACAGG CDGADGAGGCCGAAAGGCCGAA ACOOCCCA 

1563 UGGGAACA aXSATOAGGCXGAAAGGCCSAA AGGQAGGA 

1565 GGCGGUAA CUGAIXSAGGCaSAAAGGCCGAA AGGDGUAA 

1567 CDGGCGGO CDGOT3AGGCCGAAAGGCCGAA ADAGGOGU 

1584 CADADOCD CDGADGAGGCCGAAAGGCCGAA ADCDUCCO 

1592 GUAACODG COGATCAGGCOGAAAGGCOGAA ADADCCDG 

1599 GCCODCDG OX5ArX2AGGCXGAAAGGCa»A AACUUGDA 

1651 GGCOCAGG COGATOAGGOaiAAAGGCCGAA AGGCGGGG 

1661 ACCAGGGC OTGAIX»GGCCGAAAGGCCGAA AAGOGCAG 

1663 UGDCCADD OTGAD3AGCXOGAAAGGCCGAA ADCDGDDC 

1678 CCCAGGCC COGAIKAGGCXGAAAGGCGGAA AGGDOCOC 

1680 GACCDGOG CDGADGAGGCCGAAAGGCCGAA AGAAGCOC 

1681 GAGGCAGG CDGADGAGGCCGAAAGGCCGAA AACAGGCC 
1684 GAGAGGOC COGADGAGGCOGAAAQGGCGAA ACGAGCAG 

1690 AADGUADG CDGADGAGGCCGAAAGGCCGAA AGGOGGGG 

1691 GAAGADCG CT3ATCAGGCCGAAAGGCCGAA AAGDCCGG 
1696 GCGACCAG OXJADGAGGOCGAAAGGCQGAA ACCAGGAG 
1698 DCDCCAGG CXJ3ADGAGGCCGAAAGGCCGAA ADADCOGA 
1737 GCACCGOG COGAIXSU3GCCGAAAGGCCGAA ADGOGADC 
1750 AAEAGGDG CUGAtXaySGCCGAAAO^XGAA AAADGGAC 
1756 AGGACCAG C0GADGAGGCO3AAAGGCCGAA AGCAGAGG 
1787 CCCAGGCC COGAUSAGGCCGAAAGGCCGAA AGGUUCDC 
1790 GAG0O3GG CIX2ADGAGGCCGAAAGGOOGAA ACAGOGOC 
1793 GOCCAGGO CDGADGAGGCCGAAAGGCCGAA AGGACCAU 
1797 UGSDOUOU CDGADGAGGCCGAAAGGCCGAA AACAGGGA 
1802 UOCAGGUA CDGADGAGGCCGAAAGGCCGAA ADCOGAGC 

1812 UUUCCCCA CDGADGAGGCCGAAAGGCCGAA ACOCOGDD 

1813 ACGADCAC CDGADGAGGCCGAAAGGCCGAA AAGCCCGC 
1825 UACACAGD CDGADGAGGCCGAAAGGCCGAA ADGGDGGC 
1837 UACCCOGU CDGADGAGGCCGAAAGGCCGAA AGGDGGGQ 
1845 GCCCCUCC CDGADGAGGCCGAAAGGCCGAA AGOCCOCU 
1856 GCAGGOCA CDGADGAGGCCGAAAGGCCGAA ADOAGGGG 
1861 GGACCADA CT3ADGAGGCCGAAAGGCCGAA AGCACADG 
1865 COOGOGDC CDGADGAGGCCGAAAGGCCGAA ACCGGADA 
1868 ADOUADAD CDGADGAGGCCGAAAGGCCGAA ACOCGUGA 
1877 CCDGGGGG CDGADGAGGCCGAAAGGCCGAA AGOACDGD 
1901 UGUACCDD CDGADGAGGCCGAAAGGCCGAA AGDUUDAG 
1912 DGDCCADD CDGADGAGGCCGAAAGGCCGAA ADCOGDDC 

19 22 0AGGCAAD CDGADGAGGCCGAAAGGCCGAA ACOOACAU 

1923 CUAAAGGU QJGADGAGGCCGAAAGGCCGAA AGCGDCCA 
!928 DCCAGGOA CDGADGAGGCCGAAAGGCCGAA ADCUGAGC 
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1930 CADCCAGD CDGADGAGGCCGAAAGGCCGAA AGOC0CCA 

1964 GCOGACAC COGADGAGGCCGAAAGGCCGAA AAADCOCO 

1983 CCCAGGCC COGADGAOGCXGAAAGGOOGAA AGGUDCDC 

1996 AGCOOGAA CtaGADGAGGCCGAAAGGCCGAA AGCUOCCA 

2005 OAGGCAAD CUGAIX1AGGCCGAAAGGCCGAA ACOOACAD 

2013 CADCCCGA CDGADGAGGCCGAAAGGCCGAA AGGCAGCG 

2015 ACCADCCC CUGADGAGGCCGAAAGGCCGAA ADAGGCAG 
2020 , GOACAGGG CtX^AIXSAGGCCGAAAGGCCGAA ACOCAADA 

2039 DCGOOOGD OXSADGAGGCOGAAAGGCXEAA ADCCUCCG 

2040 ACCDCCAG CDGAIXMGCCGAAAGGCCGAA AGGOCAGG 
2057 AGCCADDG OT3ADGAGGODGAAAGGCOGAA AGGACCAG 
2061 OAGGOGOA COGADGAGGCCGAAAGGCCGAA ADGGACGC 
2071 CCDGAGGC COGADGAGGCXGAAAGGCCGAA ACAAGOAD 
2076 OOAGGCai COGADGAGGCCGAAAGGCCGAA AGGCQACA 

2097 ACADCAAC CQGADGAGGCOCaAAGGCOGAA ACTiGOOGG 

2098 accoccag cogaixsuggccgaaaggccgAa AGGOCAGG 

2115 CAGGACCC CIXSAD3AGGCCGAAAGGCCGAA AG0O3GAA 

2128 GADCADGG CXKSUX^AGGCOGAAAGGCCGAA ACAGCACQ 

2130 AGAGGCAG COGADGAGGCCGAAAGGCCGAA AAACAGGC 

2145 ACADCAAC CXJGADGAGGCCGAAAGGCCGAA AGAGOOGG 

2152 AAGUUGOA COGADGAGGCCGAAAGGCCGAA ADOCOCAA 
2156 OCAADAAA aXSADGAGGOCGAAAGGCCGAA AACOGOCA 

2158 AADOAADA OTGATCAGGOCGAAAGGCOGAA AUACADCA 

2159 GAADDAAD COGADGAGGCCGAAAGGCCGAA AADACADC 

2160 OGAADOAA OXSADGAGGCCGAAAGGCCGAA AAADACAU 
2162 AACAAAGG COGADGAGGCCGAAAGGCCGAA AGGAADGU 

2153 COZCGAAU COGADGAGGCCGAAAGGCCGAA AADAAADA 

2166 AADOAADA COGADGAGGOCGAAAGGCOGAA ADACADCA 

2167 GAADDAAD COGADGAGGCCGAAAGGCCGAA AADACADC 

2170 OCUGAAOU CDGADGAGGCCGAAAGGCCGAA ADAAADAC 

2171 DACDCAAD CDGADGAGGCCGAAAG300GAA AADAACOG 

2173 GAGGAOCA COGADGAGGCCGAAAGGCCGAA ADAGCACA 

2174 AGCAGGGG CDGADGAGGCCGAAAGGCCGAA AADAGAGA 

2175 U3ACUCGU OKSADGAGGCOGAAAGGCCGAA AAAGAAAU 

2176 GOGGUUGG CDGADGAGGCCGAAAGGCCGAA ACADDODC 
2183 UCAADAAA COGADGAGGCCGAAAGGCCGAA AACOGOCA 

2185 AC0CAAIIA CDGADGAGGCCGAAAGGCCGAA ADAACOGO 

2186 DACDCAAD COSATOAGQCOGAAAGGOCGAA AADAACOG 

2187 GOACDCAA CDGADGAGGCCGAAAGGCCGAA AAADAACU 
2189 GGGDACDC COGADGAGGGOGAAAQGGOGAA AEAAAQAA 
2196 CAADAAA0 CWSAIKSUSGCCGAAAGGCOGAA ACOGDCAG 

2198 O5ACC0CG COGADGAGGCOGAAAGGCOGAA AGACADUC 

2199 CDGGCADG CDGADGAGGCCGAAAGGCCGAA AAGAGOCO 

2200 GCCDGGGG CDGADGAGGCCGAAAGGCCGAA AAGOACOC 

2201 GACCDGDG CDGADGAGGCCGAAAGGCCGAA AGAAGCCC 
2205 CAGDGGCD CDGADGAGGCCGAAAGGCCGAA ACACAAAA 
2210 CADCCAGD CDGADGAGGCCGAAAGGCCGAA AGDCOCCA 
2220 CCCAGGCC CDGADGAGGCCGAAAGGCCGAA AGGDDC0C 
2224 AAGGDAGG CDGADGAGGCCGAAAGGCCGAA ADGOADGD 
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2226 DGDGGCCU CDGADGAGGCCGAAAGGCCGAA AGGDCCAG 

2233 AGUOCOGD CDGADGAGGCCGAAAGGCCGAA AAGCADGA 

2242 ACQACDGA CUGADGAGGCCGAAAGGCCGAA AGCDGDGU 

2248 GCGACCAG OX3ADGAGGCCGAAAGGCCGAA AOCAGGAG 

2254 UDCAGDGD CDGADGAGGCCGAAAGGCCGAA AADCGGAU 

2259 GCACCGOG CTJGADGAGGCCGAAAGGCCGAA ADGGGADC 

2260 AGCACCGD CXX^ADGAGGGCGAAAGGCCGAA AADGDGAU 
2266 AACDOGUA OJGADGAGGCCGAAAGGaCGAA ADCCOGAU 
2274 UACADGUU CT3ADGAGGCCGAAAGGCCGAA ACCDGCUC 
2279 ACCCGQAD CDGADGAGGCCGAAAGGCCGAA ADCCDDCC 
2282 ACDCAADA CDGADGAGGCCGAAAGGCCGAA ADAACDGtJ 
2288 CADDGGAG CDGADGAGGCCGAAAGGCCGAA ACCAGGGC 
2291 GDAACUDG Q3GADGAGGCCGAAAGGCCGAA ADADCCDG 
2321 ACCCGDAD CDGADGAGGCCGAAAGGCCGAA ACCUUDCC 

2338 CCOGUGGA CDGADGAGGCCGAAAGGCCGAA AAGCCCAA 

2339 GCCDGGGG CDGADGAGGCCGAAAGGCCGAA AAGOACCC 
2341 DGAGCACC COGAD3AGGOOGAAAGGCCGAA ACAGGCCC 
2344 GAGAGGDC CDGADGAGGCCGAAAGGCCGAA ACGAGCAG 

2358 DGDGGGAG CDGADGAGGCCGAAAGGCCGAA AGGCAGGG 

2359 UDCDGOGG OT3ADGAGGCCGAAAGGCCGAA ADGGADGG 

2360 CDUCCAGG CDGADGAGGCCGAAAGGCCGAA AACACAAG 

2376 AAGAGGAA CDGADGAGGCCGAAAGGCCGAA AGCAGODC 

2377 UAADAGAG CDGADGAGGCCGAAAGGCCGAA AGGAAGDC 

2378 UCGDGAAA CDGADGAGGCCGAAAGGCCGAA AAADCAGC 

2379 CGCAAGAG CDGADGAGGCCGAAAGGCCGAA AAGAGCAG 

2380 ACDCGOGA CDGADGAGGCCGAAAGGCCGAA AGAAADCA 
2382 DGACDCGU CDGADGAGGCCGAAAGGCCGAA AAAGAAAD 
2384 CDOGOGQC CDGADGAGGCCGAAAGGCCGAA ACCGGADA 
2399 CGDCCACA CDGADGAGGCCGEWIAGGCCGAA AGDADDOA 
2401 GAGGACCA CDGADGAGGCCGAAAGGCCGAA AQAGCACA 
2411 DGAAGCAD CDGADGAQGCCGAAAGGCCGAA AGAAADDG 

2417 AACDDGQA CDSAD3AGGCOGAAAGGCCGAA ADCCOGAD 

2418 AGDUCDGU CD3ADGAGGCCGAAAGGCCGAA AAGCADGA 

2425 GAACDCDG 03GADGAGGCCGAAAGGGGGAA ADUAADAA 

2426 DAGDCDCC CDGADGAGGCCGAAAGGCCGAA ACCCCAGG 

2433 AACDGDCA CDGADGAGGCCGAAAGGCCGAA AACDCOGA 

2434 DCGDODGO CDGADGAGGCCGAAAGGCCGAA ADCCOCCG 

2448 GGGGGAAG CDGAEGAGGCCGAAAGGCCGAA ACCGDDCA 

2449 CGAGGCAG OTGADGAGGCCGAAAGGCCGAA AAGGCDDC 

2451 GAGGCAGG CDGADGAGGCCGAAAGGCCGAA AACAGGCC 

2452 AGAGGCAG CDGADGAGGCCGAAAGGCCGAA AAACAGGC 
2455 AACAAAGG CDGADGAGGCCGAAAGGCCGAA AGGAADGO 

2459 DGDGGGAG CDGADGAGGCCGAAAGGCCGAA AGGCAGGG 

2460 DDGGGAAC CDGADGAGGCCGAAAGGCCGAA AAGGUAGG 

2479 GGCGGDAA CUGADGAGGCCGAAAjGGCOGAA AGGDGUAA 

2480 GGGADCAC CDGADGAGGCCGAAAGGCCGAA ACGGCGAC 

2483 ACADDGGG CDGADGAGGCCGAAAGGCCGAA ACAAAGGU 

2484 GACADDGG CDGADGAGGCCGAAAGGCCGAA AACAAAGG 
2492 UAGGDGGG CDGADGAGGCCGAAAGGCCGAA AGGDGGDC 
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2S04 DAGGAADG CTCAIKAGGCCGAAAGGCCGAA ADGUAGGU 

2508 AAGGOAGG C0GAIX3AGGCCGAAAGGCCGAA ADGOADGQ 

2509 AAAGGOAG CDGAIX3AGGCCGAAAGGCCGAA AADGUADG 

2510 AMJAGGOG OTSMXSAGGCCEAAAGGCCG^ AAAOGGAC 

2520 ACAOUGGG CXX2AZX3U3GOOGAAAGGOQGAA ACAAAGGO 

2521 GACADTCG CUGADGAGGCCGAAAGGCCGAA AACAAAGG 
2533 OGAGGGGQ CTOAIX3JVGaXGAAAOGCC)C^ AADGCTCU 
2540 GGAUACCa OX3ADGAGGCCGAAAGGCCGAA AGCACCGA 
2545 AAAGOCCG aJGATOAGGCCGAAAGGCOSAA AGCOGCCO 
2568 COGACACA COSADGAGGCCGAAAGGCCGAA AADCOCDG 
2579 CGVGQGCA CCXSATCAGGCCGAAAGGCOGAA AGOGCAGG 
2585 GAGAGGOC CUGADGAGGCCGAAAGGCCGAA ACGAGCAG 
2588 GGCOGDGG COGATXSAGGCOSAAAGGCCGAA AGGAGGGA 
2591 COUCGCAA CD3ADGAGGCCGAAAGGOCGAA AGGAAGAG 
2593 AGCAGGGG C0GAD3AGGCCGAAAGGCCGAA AADAGAGA 
2596 GOGACCAG CDGAIX5AGGCCGAAAGGCCGAA ACCAGGAG 

2601 GAGGACCA COGADGAGGCOIAAAGGCCGAA ADAGCACA 

2602 ACAAOGGC COGADGAGGCCGAAAGGCCGAA ACCAGGAC 

2607 CCOGGOGA CUGAIJ3AGGCCGAAAGGCCGAA ACOCCCAC 

2608 OCCCACGG CTOAIXaGGCOGAAAGGCOSAA AGCUAAAG 

2609 CADCCAGU CtlGADGAGGCCGAAAGGCCGAA AGUCOOCA 
2620 AACDGDCA CUGATXSAGGCCGAAAGGCQSAA AACOCUGA 
2626 AGCAGCAC CDGATOAGGCQ2AAAGGCCGAA ACDGAGAG 
2628 GGAGCOGA CUGAOSAGGCCGAAAGGCCGAA AAGUUGUA 
2635 G0GAAERJ3 OK3M3GAGGCCGAAAGGCCGAA ADCOGOGA 

2640 OGGADGGA OXSAIX»GGCCG3UUU3GOCGAA ACCOGAGC 

2641 AADGOADG Q3GAIEAGGCCGAAAGGCCGAA AGGOGGGG 

2642 AGAGGCAG OXaDGAGGCCGAAAGGCCGAA AAACAGGC 
2653 AGCACCCU araDGAGGCOMAGGCCGAA ACCOGOGG 
2659 GCOOGCAG CDGADGAGGCCGAAAGGOOGAA AOCCOUCD 
2689 AGCUtJCAG araUXSAGGCTCAAAGGCCGAA ACCCDAGU 
2691 AGOOCOCO G0GADGAGGCOGAAAGGCCGAA AGGOCDGA 
2700 CCOGGGGG C03ADGAGGCCGAAAGGOCGAA AGQAOCCO 
2704 UAGGOGGG OX3ADGAGGCCGAAAGGCCGAA AGGOGGOC 

2711 ACCOOCCU COGAD3AGGCCGAAAGGCCGAA AGGOAGGG 

2712 CACCODCC CtlGADGAGGCCGAAAGGCCGAA AAGGUAGG 
2721 AOJLXAJAU aXSATOAGGOXAAAGGOCGAA ADCOUUCC 
2724 CAAACCOG COGAtXaAGGCCGAAAGGCCGAA ADGADCUU 
2744 CCTOCAOG OXSAIKJU3GCCGAAAGGCCGAA ADCCACCC 
2750 GGUUUUnA CDGAIXIAGGCCGAAAGGCCGAA ACAGGGAC 
2759 CCACOCGA CUGADGAGGCCGAAAGGCCGAA AGO0CGUC 
2761 GGAAGADC COGAUGAGGCOGAAAGGCCGAA AAAGOCCG 
2765 AGGCCGCA C0GADGAGGCOGAAAGGCCGAA AGCAAAAG 
2769 GCAGGGGCJ CDGACJGAGGCC3GAAAGGCCX3AA ADAGAGAA 
2797 UDGACCAD CDGAIX^GGCOG^AAGGCCGAA ADDUCACG 

2803 GUUCDGOG CXJGAIXlAGGCaiAAAGGCCGAA AGCADGAG 

2804 AGUUCDGU C0GMX3AGGCOGAAAGGCOGAA AAGCABGA 
2813 AGGGOCAG COGATOAGGCCGAAAGGCCGAA ADGGGAGC 
2815 GGAAGADC CUGADGAGGCCGAAAGGCCGAA AAAGUCCG 
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2821 ACCOCCAG CDGADGAGGCOGAAAGGCCGAA AGGCCAGG 

2822 GGAGCOGA CDGADGAGGCCGAAAGGCCGAA AAGUOGUA 

2823 UGGGAGCU C0GADGAGGCCGAAA3GCO3AA AAAAGUUG 
2829 GGAHACCO COTADGAGGGCGAAAGGCCSAA AGCACCGA 
2837 GGGGGAAG CTXSADGAGX3CCGAAAGGCCGAA AOCCUGCG 
2840 CGCGOCGG CCGAIX3AGX3CCGAAAGGCCGAA AGGGGCGC 
2847 AGGGGGGU CDGAIK2\GGCCGAAK3S3CCGAA AGGGSOAA 
2853 COAGOCGG GX3ADSAGGCOGAAAGGCCGAA AGADCGAA 
2860 UUCCAGGG CCGADGACG0O3AAAGGCC3GAA ACACAAGA 
2872 DGAGCACC CDSATOAGGa3GAAAGGCCGAA ACSGGCCC 
2877 GGCGCCGG CTCADGAGGCOGAAAGGCCGAA AGACGCCA 

2899 AAAGOCCG COGATOAGGCCGAAAGGCCGAA AGC0GCCO 

2900 AGAGAAGG OJGADGAGGCCGAAAGGCCGAA AGOCAGCC 

2904 AAGAGGAA COGAEXSVGGCCGAAAGGCCJGAA AGCAGU0C 

2905 AGAGAAGG OX3ADGAGGCOGAAAGGCGGAA AGDCAGCC 

2906 UUAADAAA C0GA0GAGGO33AAAGGOCGAA ACAOCAAC 

2907 CGCAAGAG COGAER3AGGCCX3AAAGGCCGAA AAGAGCAG 

2908 AADUAAUA ajGAXXSUSSCOSAAAGGCCGAA ADACADCA 

2909 AAGAGGAA 03GAIX2AGGCCGAAAGGOCGAA AGCAGOOC 

2910 GUAAHAGA CDGADGAGGCOGAAAGGGOGAA AAGGARGD 

2911 GGGUAADA COGAOGAGGC0GAAAGGOOGAA AGAAGGAA 

2912 T3GAAOUAA CTCADGAGGCOSAAACGCCGAA AAAEDVCAD 

2913 OT3GGAAC CDGA03AGGCXX5AAAGGCCGAA AADACACA 

2914 OCOGAA0U CUGADGAGGOOGAAAGGCCGAA AOAAADAC 

2915 CUCCGAAU CUGADGAGGOOGAAAGGCCGAA AAHAAADA 

2916 CUUCGCAA COSADGAGGOCGAAAGGCOGAA AGGAAGAG 

2917 GGCUUCGC C0GADSAGGOCGAAAGGOOGAA AGAGGAAG 
2913 DGACOCGU CUGADGAGGCCGAAAGGCCEAA AAAGAAAU 
2913 CAGUGGCTJ CTCADGAGGCCGAAAGGCCGAA ACACAAAA 
2931 GGCAGCGG CDGADGAGGCOGAAAGGCCGAA ACACCADC 
2933 GGOGCCGG OXSADGAGGaXSUUUSGCCGAA AGACOCCA 
2941 GCCOGGGG OXiADGAGGOaSAAAGGCOGAA AAGUACOG 

2951 GOCAGAGG CDGADSAGGCCGAAAGGOOGAA AGCADGGU 

2952 GAAGADCG OX3ATOAGGCCGAAAGGCCGAA AAGOCCGG 

2955 CCADGOCA COGADGAGGCCGAAAGGCCX3AA AGGAAGCA 

2956 ADOGADUC GXSAIX2AGGCOGAAAGQCOGAA AAGGAAAG . 

2961 CAGUGGCU C03ADGAGGOCGAAAGGOOGAA ACACAAAA 

2962 COSGGAAC CX3GAOGAGGCOGAAAGGCCGAA AAOACACA 

2965 ACUUUAUU OT2ADGAGGCCGAAAGGCCGAA ADOCAAAG 

2966 AGCDOGAA OJGADGAGGCXX5AAAGGCCGAA AGCDOCCA 
2969 CAAAACUU CUGADGAGGCCGAAAGGCCGAA ADOGADUC 
2975 AGCUOGAA CTJ3ADGAGGCOGAAAGGCCGAA AGCDOCCA 
2975 CAGGUGAG COGAjDGAGGCCGAAAGGCCGAA ACCADADA 
2977 CCAGCU0G CDGADGAGGO^AAAGGCCGAA AGAGCODC 
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Table 11: Human IL-5 HH Target Sequence 



nt . HH Target Saguenco 

Position 



8 


ADGCACU 


O 


UCODOGC 


9 


GGCACUU 


0 


CUULAjCC 


10 


GCACUUU 


c 


UOOGCCA 


12 


AC000C0 


a 


OGCCAAA 


13 


COUUCDU 


a 


GCCAAAG 


36 


AGAACGU 


0 


03U3AGC 


37 


GAAOGUU 


u 


CAGAGOC 


38 


AACGDUU 


c 


AGAGCCA 


56 


GGADGC0 


u 


CUGCADU 


57 


GAEK3CUO 


c 


U3CADUU 


63 


OCOGCA0 


0 


UGAGUUU 


64 


C0GCADU 


D 


GAGUUUG 


69 


UOOGAGU 


U 


OGCOAGC 


70 


UUGAGUU 


TJ 


GCUAGCU 


74 


G000GCO 


A 


GCUOJU3 


78 


GCUAGCU 


C 


□OQGAGC 


80 


CAGCUCU 


U 


QGAGCDG 


91 


GCOGCCU 


A 


OGOGOArJ 


97 


OACGOGU 


A 


TJGCCADC 


104 


ADGCCAU 


C 


CCCACAG 


116 


CAGAAAU 


a 


CCCACAA 


117 


AGAAAUU 


c 


CCACAAG 


130 


AGOGCAD 


a 


GGOGAAA 


145 


GAGACCU 


u 


GGCACDG 


155 


CACUGCU 


u 


UCUACDC 


156 


ACOGCOO 


u 


COACDCA 


157 


CUGCOUU 


c 


uacucau 


159 


GCUUUCU 


A 


C0CADCG 


162 


OUCUACU 


C 


ADOGAAC 


165 


OACOCAU 


c 


GAACOCa 


171 


UCGAACU 


c 


OGCOGAtJ 


179 


UGCUGAD 


A 


GCCAADG 


192 


0GAGAO7 


c 


UGAGGAU 


200 


0GAGGAD 


u 


GUUUUUC 


201 


GAGGAUU 


c 


CUGUUCC 


206 


UUCCUGU 


u 


CCUGOAC 


207 


DCCUGUU 


c 


CUGOACA 


212 


0UCC0GU 


A 


CAUAAAA 


216 


IXJUACAD 


A 


AAAADCA 


222 


UAAAAAU 


c 


ACCAACO 



nt- EH Torg«t Sequence 

Position 



245 


AAGAAAU 


C 


DUUCAGG 


247 


GAAADCU 


a 


OCAGGGA 


248 


AAADCOD 


D 


CAGGGAA 


249 


AADCDUD 


c 


AGGGAAU 


257 


AGGGAAD 


A 


GGCACAC 


273 
291 


GGAGAGU 


C 


AAACUGO 


AGGGGGU 


A 


CUGOGGA 


305 


AAAGAOJ 


A 


UUCAAAA 


307 


AGACUAU 


U 


CAAAAAC 


308 


GACOADU 


c 


AAAAACU 


316 


AAAAACU 


u 


GOCCOUA 


319 


AACUUUJ 


c 


CUGAADA 


322 


OOGOCCCT 


u 


AAUAAAG 


323 


UGUUCUU 


A 


ADAAAGA 


326 


CCUUAAD 


A 


AAGAAAU 


334 


AAGAAAU 


A 


CADOGAC 


338 


AAUACAU 


U 


GACGGCC 


380 


GGAGAGO 


A 


AACCAAD 


388 


AACCAAD 


U 


CCUAGAC 


.389 


ACCAAUU 


C 


CUAGACO 


392 


AADUCCU 


A 


GACHACC 


397 


CUAGACO 


A 


CCOGCAA 


409 


CAAGAGU 


a 


UCUDGGU 


410 


AAGAGUU 


u 


CUUGGCG 


411 


AGAGUUU 


c 


UUU^UWJ 


413 


AGUDDCU 


u 


GGGGUAA 


419 


UDGGUGD 


A 


ADGAACA 


437 


AGDGGAD 


A 


AUAGAAA 


440 


GGADAAD 


A 


GAAAGUU 


447 


AGAAAGO 


U 


GAGACQA 


454 


UGAGACU 


A 


AACDGOT 


462 


AACOGGU 


0 


DGUUGCA 


463 


ACOGGOO 


U 


GUUGCAG 


466 




u 


GCAGCCA 


479 


CAAAGAD 


0 


UUGGAGG 


480 


AAAGADU 


u 


CGGAGGA 


481 


AACAOUU 


D 


GGAGGAG 


497 


AGGACAU 


D 


CUACUGC 


498 


GGACAUU 


U 


OACDGCA 


499 


GACADUU 


U 


ACDGCAG 



SUBSTITUTE SHEET (RULE 26) 



NUC37819 



WO *5/23225 PCT/IB95/00156 

215 



500 


ACWJUUU A OX3CAG0 


684 


0ACO000 


0 


0CUQA00 


531 


AAAGAGU C AGGOCU0 


685 


ACOOOOO 


O 


CUUADU0 


538 


CAGGCOJ U AADUU0C 


686 


CUUUUUU 


C 


UUADUUA 


539 


AGGCCU0 A ADOOOCA 


688 


UUUUUOJ 


0 


A0U0AAC 


542 


CCOUAA0 U OOCAADA 


689 


UUUUCUU 


A 


UUUAAC0 


543 


C0UAAD0 U UCAADWJ 


691 


0UCOUA0 


0 


UAACUUA 


544 


UUAAU00 U CAADAEA 


692 


UCUUADO 


0 


AACUUAA 


545 


DAADCTOO C AADA0AA 


693 


CUUA000 


A 


AC00AAC 


549 


0OUCAA0 A UAADODA 


697 


0U0AACO 


0 


AACAUUC 


551 


UCAAHMJ A ADOOAAC 


698 


UUAACUO 


A 


ACADUCU 


554 


AEADAA0 D 0AACTOC 


703 


OUAACMJ 


0 


CUGOAAA 


555 


UADAADU U AACUUCA 


704 


UAAQJD0 


C 


DGUAAAA 


556 


A0AA0U0 A ACDOCAG 


708 


AUUCUUU 


A 


AAAUGUC 


560 


UUUaACO u cagaggg 


715 


AAAADGU 


C 


OGUUAAC 


561 


0OAAC0U C AGAGGGA 


719 


OG0COG0 


0 


AACO0AA 


573 


GGAAAGU A AADADU0 


720 


G0CUGO0 


A 


ACUOAA0 


577 


AGUAAAU A UUUCAGG 


724 


G0OAAC0 


0 


AADAGOA 


579 


UAAADAU U UCAGGCA 


725 


0OAACU0 


A 


A0AGOA0 


580 


AAA0AD0 U CAGQCAU 


728 


ACUUAA0 


A 


GQA00QA 


581 


AAUA0UO C AGOCADA 


731 


0AA0AG0 


A 


UUUA0GA 


588 


CAGGCAD A CDGACAC 


733 


ADAGOAD 


0 


0A0GAAA 


597 


CGACACU 0 UGCCAGA 


734 


UAGUAD0 


0 


AJDGAAA0 


598 


GACAOJU 0 GCCftGAA 


735 


AGOADUU 


A 


OGAAADG 


611 


AAAGCAU A AAAOTCU 


745 


AAAD3GO 


0 


AAGAAD0 


616 


A0AAAA0 0 COCRAAA 


746 


AADGGUU 


A 


AGAAUU0 


617 


UAAAAD0 C 00AAAA0 


752 


UAAGARJTJ 


V 


UGGQAAA 


613 


AAA0OCU U AAAADAD 


753 


AAGAA00 


u 


GG0AAA0 


620 


AADUCUU A AAAEADA 


757 


AD0OGG0 


A 


AADUAGU 


625 


DOAAAAII A UADUIXJA 


761 


GG0AAAD 


0 


AGOADUU 


627 


AAAA0A0 A UOOCAGA 


762 


G0AAAO0 


A 


GOA0UUA 


629 


AADA0AU 0 UCAGACTA 


765 


AA00AG0 


A 


00UADU0 


630 


AQADADO U CAGAUAD 


767 


00AGUA0 


0 


0AD0OAA 


631 


UADAUUU C AGADADC. 


768 


UAGUAUU 


0 


AJUUUAA0 


636 


UUCAGAD A 0CAGAAD 


769 


AGOADUU 


A 


OU0AADG 


638 


CAGADAD C AGAADCA 


771 


OAUUUAXJ 


0 




644 


DCAGAAU C ADOGAAG 


772 


AJUUUADO 


u 


All 13 n I A 


647 


GAADCAD D GAAGOAD 


773 


UUUAUUU 


A 


ADGO0A0 


653 


OOGAAG0 A UUUUCCU 


778 


UUAADG0 


0 


AUGUUUO 


655 


gaagomj 0 uuccuu: 


779 


UAADG00 


A 


UGUUWJU 


656 


AAG0AU0 0 UCCUXA 


783 


G0UA0GU 


0 


UUUUUUJ 


657 


AGOADUU 0 CC0CCAG 


788 


GTJUOJGU 


0 


CUAADAA 


658 


GUADUUU C CUOCAGG 


789 


U0GUG00 


C 


0AA0AAA 


661 


0UUOCC0 C CAGGCAA 


791 


GUGUUCU 


A 


A0AAAAC 


672 


GCAAAAD D GAUAPAC 


794 


UUCUAAU 


A 


AAACAAA 


676 


AA0UGA0 A UACUUUU 


805 


CAAAAAU 


A 


GACAACU 


678 


UUCAUAU A COUUUUU 










581 


A0A0ACU O UUUUCUU 










682 


UAOACUU 0 UUUCDOA 
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Table 12: Human IL-6 HH Bibozyme Sequences 



nt . 
Position 

8 
9 

10 

12 

13 

36 

37 

38 

56 

57 

63 

64 

69 

70 

74 

78 

80 

91 

97 
104 
116 
117 
130 
145 
155 
156 
157 
159 
162 
165 
171 
179 
192 
200 
201 
206 
207 
212 
216 
222 
245 



HH Riborymo Sequence 



GCAAAGA CDGADSAGSOC3AAAGGOCGAA AG3GCA0 
GGCAAAG CDGAOiAGGCCGAAACGCCGAA AAGGGCA 
GGGCAAA aX»K3AGGCCGAAAG3CCGAA AAAGCGC 
OUOGGCA OXAIX»GGCCGAAAGGCa^ AGAAAGO 
COODGGC C0GATOAGGCCGAAAGQCC3AA AAGAAAG 
GCDCDGA OX3U3GAGGCCGAAAGGCCGAA ACGOUCT 
GGCUCOG C0GADGAGGO2GAAAGGCCGAA A&G GOGC 
OGGCOCa CUGAJDGAGGCCGAAAGGCCGAA AAACGUU 
AADGCAG COSADGAGGCCGAAAGGCCGAA AGCADCC 
AAADGCA aXSATCAGGCCGAAAGGCCGAA AAGCADC 
AAACOCA COGADGAGGCCGAAAGGOCGAA ADGCAGA 
CAAACUC CDGMXiAGGCCGAAAGGCCGAA AAGGCAG 
GCOAGCA Q3GADGAGGCCGAAAGGOCGAA ACUCAAA 
AGCUAGC aXSATOAGGCCGAAAGGCOSAA AACOCAA 
CAAGAGC COGAIX2AGGCCGAAAGGCCGAA AGCAAAC 
GCUCCAA COoAIXjAGGCCGAAAJ33CCGA^ AGCUAGC 
CAGCOCC CUGADGAGGCCGAAAGGCCGAA AGAGCUA 
ADACACG OTGADGAGSCCGAAAGGCCGAA AGGCAGC 
GADGGCA CUGACT3AGGCCGAAAGGCCGAA ACACGGA 
CUGOGGS aXSAOSAGGCCGAAAGGCCGAA ADGGCAU 
UOGTX3GG CDGAJX^GGCCGAAAGGCCGAA ADUUCOG 
CODGTO3 CXXSATOAGGCCX^AAAGSCGGAA AADUDCU 
UUUCACC CDGAIX2AGGCCX3AAAGGCCGAA AOGCACU 
CAGOGCC CDGATCAGGCCGAAAGGCCGAA AGGOCDC 
GAGOAGA CUGATOAGGCCGAAAGGCCGAA AGCAGOG 
UGAGOAG COGA03AGGCCGAAAGGGCGAA AAGCAGTJ 
ADGAGUA CDGATCAGGOOGAAAGGCOGAA AAAGCAG 
OGADGAG aXIAOSAGGCCGAAAGGCCGAA AGAAAGC 
GUOCGAD COGAIXSAGGCCGAAAGGOCGAA AGUAGAA 
AGAGOUC CDG3U33AGGCCGAAAGGCCGAA ADGAGOA 
AUCAGCA CO2A0GAGGCCGAAAGGCO3AA AGOOOGA 
CADUGGC CDGAIX3AGGCCGAAAGGCOGAA ADCAGCA 
ADCCUCA OXIAOSAGGOQGAAAGGCCGAA AGOCDCA 
GAACAGG CtX3AIX3AGGCCGAAAGGCCGAA ADCCDCA 
GGAACAG C03AB3AGGCCGAAAGGCCGAA AADCCOC 
GOACAGG OX3ATCAGGCCGAAAGGCCGAA ACAGGAA 
UGOACAG COGAOSAGGCOSAAAGGaCGAA AACAGGA 
UUUOAUG CUGADGAGGODGAAAGGCOGAA ACAGGAA 
UGADOUO CDGAD3AGGCDGAAAG3COGAA AJOGOACA 
AGUUGGU CIX3AD3AGGCOGAAAGGCCGAA ADUODUA 
CCUGAAA CUGAOIAGGCOGAAAGGCCGAA AUUUOJU 
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247 UCCCOGA CDGADGAGGCCGAAAGGCXGAA AGADUUC 

248 DOCCCDG QKAtXIAGGCCGAAAGGCCGAA AAGADUU 

249 ABUCCCU COSAIX5AGGCCGAAiU3GCCGAA AAAGADU 
257 GOGOGCC COSATOAGGCCGAAAGGCOGAA AUUCCCU 
273 ACAGUUU OJGADGAGGCCGAAAGGCCGAA ACDCOCC 
291 UCCACAG OX3ADGW3GOCGAAAGGCX33AA ACCCCCU 
305 UUUUGAA CCGADGAGGCCGAAAGGCCGAA AGUCUUU 

307 GOUUUUG OJGAOGAGGCCXAAAGGCCGAA AOAGUCU 

308 AGUUUUU CDGAJUGAGGC03AAAGGCCGAA AAUAGUC 
316 UAAGGAC COGADGJUSGCCGAAAfiGCCGAA AGOUUUU 
319 UADUAAG COSADGAGGCGGAAAGGCCGAA ACAAGUU 

322 CUUUAUU (3XZACCAGGCCGAAAGGCCGAA AGGACAA 

323 UCUUUAU C1K3AD3AGGCCGAAACGCCGAA AAGGACA 
326 AUJUOJU CXIGADGAGGCCGAAAGGCXEAA AUUAAGG 
334 GOCAADG OXSUX3AGGCCGAAAGGCOGAA ADUUCUU 
338 GGCCGOC aXSMXSAOXOGAAAGSa^GAA ADGUADU 
380 ADUGGUU C03AD3AGGCCGAAAGGCOGAA ACDCUCC 

388 GOCOaGG COGAIX^U3GCa^AAGGCCGAA ADUGGUU 

389 AGUCUAG CUGADGAGGCCGAAAGGCGGAA AAUUGGU 
392 GGUAGCC OXSMXSAGGCCXS^AAGGCCGAA AGGAADU 
397 UIX3CAGG CO3A03AGGOOGAAAGQCCGAA AGOCUAG 

409 ACCAAGA CXK3ADGAGGOCGAAAGGO0GAA ACDCDUG 

410 CACCAAG CUGADGAGGCCGAAAGGCOGAA AACDCUU 

411 ACACCAA CUGAO3AGGC0GAAAGGCCGAA AAACUCU 
413 UOACACC OT3ADGAGGCCGAAAGGCCGAA AGAAACU 
419 UGOUCAD OX»IJGAGGCCGAAAGGCCGAA ACACCAA 
437 UUUCDAU CDGADGAGGCCGAAAGGCCGAA ADOCACU 
440 AACUUUC CDGADGAGGCCGAAAGGCCGAA ADUADCC 
447 UAGUCUC QXSADGAGGCCGAAAGGCCGAA ACUUOCU 
454 ACCAGUU CTCAIKAGGCCGAAAGGCCGAA AGUCUCA 

462 OSCAACA CUGM3GAGGCCGAAAGGCCGAA ACCAGUU 

463 CTOCAAC CI7IAIXSU3GCCXSAAAGGCOGAA AACCAGU 
466 * UGGCOGC COSADGAGGCCGAAAGGCCGAA ACAAACC 

479 CCCCCAA CDGADGAOXX23AAAGGCOGAA ADCUUUG 

480 UCCUOCA CUGADGAGGCCGAAAGGCCGAA AADCUUU 

481 CUCCUCC COC3UX5AGGCCGAAAGGCCX3AA AAADCUU 

497 GCAGUAA COSAIX3AGGCCGAAAGGCCGAA AOGUCCU 

498 O3CAG0A aXSATCAGGCOGAAAGGCCGAA AADGUCC 

499 (JLXJCAGU COSAIKAGQOOGAAAJSacCGAA AAADGUC 

500 ACUGCAG CTOADGAGGCCGAAAGGCOGAA AAAADGU 
531 AAGGCCU CUGAIXSAGGCCGAAAGGCOGAA ACUCUUU 

538 GAAAADU CUGAUGAGGCCGAAAGGCOGAA AGGCCDG 

539 IXSAAAAU CXK2AD3AGGCCGAAAGGCCGAA AAGGCCU 

542 UADOGAA C0GAO3AGGCCGAAAGGCCGAA ADUAAGG 

543 AUAUUGA COSATOAGGCCGAAAGGCCGAA AAUUAAG 

544 UAUADU3 CTXJADGAGGCO^AAAGGOCGAA AAAUUAA 

545 UUAUAUU OT3ATOAGQCCGAAAGGCOGAA AAAAUUA 
549 UAAAUUA CUGAUGAGGCCGAAAGGCCGAA AUUGAAA 
551 GUUAAAU CUGMXSAGGCCGAAAGGCCGAA AUAUUGA 
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554 GAAGUUA CUGADGAGGCCGAAAGGCCGAA ADUADAU 

555 UGAAGUU OXjADGAGGCOGAAAGGCCGAA AADOADA 

556 COGAAGD OJGADGAGGCCGAAAGGCCGAA AAADUAD 

560 CCCUCOG CXJGADGAGGCCGAAAGGCCGAA AGDOAAA 

561 UCCCDCa COGADGAGGCCGAAAGGCCGAA AAGOUAA 
573 AAADADU COGADGAGGCCGAAAGGCCGAA AOAJUCC 
577 CCTOAAA COSA03AGGCCGAAAGGCCGAA ADUUACD 

579 UGCCUGA OX3UX3AGGCCGAAAGGCCGAA AOADUUA 

580 ADGCCUG CUGADGAGGCOSAAAGGOCGAA AADAUUD 

581 UADGCCO C0GADGAGGCCGAAAGGO3GAA AAADADO 
588 GOGOCAG COGADGAGGCCGAAAGGCOGAA ADGCCOG 

597 0C0GGCA CWSMXSMGCCGAAAGGCOGAA AGOGOCA 

598 UUCOGGC aXSUXSUSGCOSAAAGGCOGAA AAG0GOC 
611 AGAADUU COGAEGAGGCCGAAAGGOCGAA ADGCUOU 
616 0D0UAAG CIX3UJ3AGGCCGAAAGGCCGAA ADOUDAU 

. 617 ADOOOAA CXJGADGAGGCCGAAAGGCCGAA AAUUUUA 

619 ADADOUO OXMGAGOXGAAAGGCCGAA AGAADUD 

620 UAUADUU CIXUUX2AGGCCGAAAGGCCGAA AAGAAUU 
625 UGAAAOA OXJADGAGGCCGAAAGGCCGAA AULKJUAA 
627 OCOGAAA COGAD3AGGCCGAAAGGCOGAA ADADUOa 

629 DADCOGA COGADGAGGCCGAAAGGCCGAA ADADADU 

630 ADADOT3 CXK3AD3AGGCCGAAAGGCCGAA AADADA0 

631 GADADCU OJ3ADGAGGCCGAAAGGCCGAA AAADAUA 
636 ADUCOSA CWIADG&GGCCGAAAGGOCGAA ADCOGAA 
638 OGAOUCO CEGADGAGGOCGAAAGGCOGAA AUADCCG 
644 COUCAAD CIXAD3AGGCCGAAAGGCCGAA ADDCOGA 
647 ADACOOC CraUDGAGGCCGAAAGGCCGAA ADGADUC 
653 AGGAAAA COSADGAGGCCGAAAGGCCGAA ACOOCAA 

655 GGAGGAA COGADGAGGCCGAAAGGCCGAA AQACUUC 

656 OGGAGGA COGADGAGGCCGAAAGGCCGAA AADACUU 

657 COGGAGG COGADGAGGCCGAAAGGCCGAA AAADACU 

658 CCUGGAG CDGADSAGGOXAAAGGCCGAA AAAADAC 
661 UTCCCOG COGADGAGGOOGAAAGGCCGAA AGGAAAA 
672 GOADADC CCR3ADGAGGCCGAAAGGCCGAA ABDOOGC 
676 AAAAGUA CDGADSAGGCOSAAAGGCCGAA ADCAADU 
678 AAAAAAG CIX2ADGAGGCCGAAAGGCCGAA ADADCAA 

681 AAGAAAA CUSADGAGGCCGAAAGGCCGAA AGUADAD 

682 UAAGAAA CQSADGAGGCCGAAAGGCCGAA AAGQADA 

683 ADAAGAA COGADGAGGCCGAAAGGCCGAA AAAGUAU 

684 AAX3AAGA COGADGAGGCCGAAAGGCCGAA AAAAGUA 

685 AAADAAG OX3UX3AGGCCGAAAGGCCGAA AAAAAGU 

686 . OAAAUAA COGADGAGGCCGAAAGGCCGAA AAAAAAG 

688 GUUAAAU COGADGAGGCCGAAAGGCCGAA AGAAAAA 

689 AGDOAAA CTCATOAGGCCGAAAGGCCGAA AAGAAAA 

691 UAAGUUA COGADGAGGCCGAAAGGCCGAA ADAAGAA 

692 UUAAGUU COGADGAGGCCGAAAGGCCGAA AADAAGA 

693 GUOAAGU COGADGAGGCCGAAAGGCCGAA AAADAAG 

697 GAADGUO CDGADGAGGCO3AAAGGC0GAA AGDOAAA 

698 AGAADGU COGADGAGGCCGAAAGGCCGAA AAGUUAA 
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703 UOOACAG CUGJ^XJAGGCCXJAAAQGCOGXA AOGUUAA 

704 UUUUACA COGADGAGGCCGAAAGGCOGAA AADGOUA 
708 GACAUUU CrcAOGAGGCCGAAAGGCCGAA AOGAAEJ 
715 GOOAACA CUGADGAGGCCGAAAG3CCGAA ACADUOU 

719 UUAAGOU COGADGAGGCOSAAAGGCOGAA ACAGACA 

720 AOOAAGU CTCAD3AGGCCGAAAGGCCGAA AACAGAC 
724 UACdADII CUGAOSGGOOGAAAGGCCGAA AGOUAAC 

- 725 ADACOAD COGADGAGGCCGAAAGGCOGAA AAGODAA 

728 DAAADAC COGADGAGGCCGAAAGGCOGAA AUUAAGU 

731 DCADAAA CCGAIXSAGGCCGAAAGGCOGAA ACUADUA 

733 UUUCAOA CoGAIXSAGGCCGAAAQGCCGAA AOACUAO 

734 ADCDCAU COTA0GAQGCCGAAAGGCCGAA AADACOA 

735 CADUDCA CDGADGAGGCCOAAAjGGCCGAA AAADACU 

745 AADUCUU CDGA03AGGCCGAAAGGCOGAA AOCAOOO 

746 AAADUCD COGAJ35AGGCQGAAAGGCCGAA AACCADU 

752 TJUUACCA OTSAIXSAGGOXAAAGGCCGAA AUULUUA 

753 ADOUACC QXiAIXSAGGCCGAAAGGCCGAA AAD0C0O 
757 ■ ACDAADU CGGRIX5lU30CX3SAAJU3tXX3SAA ACCAAAU 

761 AAADACQ CQGADGAGGCXXiAAAQGCOSAA ADUUACC 

762 UAAADAC aJGAIXSAGGCCGAAAGGCOGAA AADUUAC 
765 AAADAAA CTOAIX3AGGCCGAAAOGCCGAA ACUAADU 
767 DUAAADA COGAJ0GAGGCCGAAAG3CXGAA ADACOAA 

763 AOOAAAO CDCADGAGGCCGAAAGSCCGAA AAEtACOA 
769 CADUAAA CXCADGAGGCCGAAAGGCCGAA AAAEACO 

771 AACADDA OT3AIX2AGGCCGAAAGGCOGAA AIIAAADA 

772 UAACADU COGADGaGGCOGAAAGGCOGAA AAOAAAD 

773 AnAACAD CUGAIXSAGGCCGAAAGGCCGAA AAADAAA 

778 ACAACAU CDGA03AGGCCGAAAGGCCGAA ACAUUAA 

779 CACAACA CUGAIX2AGGCCGAAACGCCGAA AACAOUA 
783 AGAACAC CDGAIX5AGGCCGAAAGGCCGAA ACADAAC 

788 UUAOOAG CIXJAIX5AGGCCGAAAQGCQGAA ACACAAC 

789 OUUAOUA OKAIXaGGCXGAAAGGCXX^ AACACAA 
791 GUUUUAD CX3GAD33USGCC&AAAGGCQ2AA AGAACAC 

794 uugotdu cixsaixsaggccgaaaggcxxaa adoagaa 

805 AGUOGDC CCGA03AGGCCGAAA03CCGAA AUDUUOG 
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Table 13: Mouse IL-5 HH Ribozyme Target Sequence 



nt . HH Target 

Position 



o 
o 




c 




ULUUCwU 


n 




/"I !T l/^T U 1 


rr 
U 


JO 


urtflgaCU 




JO 






j / 






4J 




C 


JO 


GSA03CQ 


rr 


CO 

jy 


GADGCOU 


C 


59 


gADGcUO 


C 


66 


CuGCAcu 


U 


62 


OgAcucU 


d 


91 


GcUgOSU 


c 


112 


ugGAgAU 


CJ 


113 


gGAgAUtJ 


c 


141 


GAGACCO 


u 


141 


GAgACctJ 


u 


158 


gOCcgCU 


c 


167 


cCGAgCU 


c 


196 


OSAGGcD 


u 


157 


GAGGcCJU 


c 


197 


gAGGCuU 


c 


202 


UUCCOGU 


c 


202 


00COJGU 


c 


206 


OTJCccU 


a 


212 


OACOCAn 


a 


212 


UacuCAU 


A 


218 


UaaAaaO 


c 


218 


UAAAAAU 


C 


218 


UAAAAAD 


c 


232 


UaUGCAU 


U 


241 


gAGAAAU 


c 


241 


gAgAaAU 


c 


241 


gagAAAU 


c 


241 


gAgAaAD 


c 


243 


gaAAncU 


U 


243 


GAAADCU 


U 


244 


AAAUCUU 


U 


245 


AADCUUU 


C 



Soquonco 






Position 


CuUUGCu 


253 


UGCugAA 


259 


GCugAAG 


269 


CAGAGuC 


269 


cAgAOTc 


269 


AGAGuCA 


287 


ADGAgaA 


301 


COGCAC0 


301 


OGCAcUU 


303 


UGcAcCU 


303 


GAGOgUu 


304 


aGcUGUG 


315 


uggGCCA . 


318 


CCCAugA 


319 


CCAugAG 


322 


GaCACaG 


330 


GaCAcAg 


334 


AcCGAgC 


334 


CXkiOGAc 


384 


CCOGCJcC 


385 


COGUcCC 


393 


COGuCcC 


405 


CCOacuC 


406 


CcOAcuc 


409 


cuCaUAA 


481 


aAAaOCa 


482 


AAAADCA 


483 


aCcAGCU 


483 


ACCAgCU 


495 


acCAgCa 


553 


GGaGAAA 


557 


DOOCAGG 


564 


DOucAGG 


564 


OOOCAGG 


565 


DUOCAGg 


565 


OCAGgGg 


569 


OCAGGGg 


S69 


CAGQGgc 


613 


AGGGgcD 


614 



HH Target Sequonco 

AGGGgcO A GaCAuAC 
.,. utgACAU a CTGaAgA 
GaAGAaU C AAACDG3 
GaAGAaU c AAaCugU 
GAAgaAU c aAAcOgU 
uGGGGGO A CGGOGGA 
AAAugCU A UUCcAAA 
AAAugCU a uDOCaaA 
AUGCuAtJ u CCaAaAc 
AugdWJ U CcAAAAC 
ugCOADU C cAAAACc 
AACcCJGO C aOUAADA 
CCGOCaU D AAUAAAG 
UGOCaUU A AOAAAGA 
CaUUAAD A AAGAAAU 
AAGAAA0 A CAUCGAC 
AAUACA0 U GACcGCC 
AADaCatJ u GACcgCC 
AggCAgU TJ CCUgGAu 
ggCAgUU C CUgGAuO 
CUgGAuD A CCUGCAA 
CAAGAGQ U cCUUGGtf 
AAGAGOU c CUUGGOG 
AGDUcCU D GGDGOgA 
UcaCAAD u OAAgOUA 
cAcAADO U AAgOUaA 
AcAADUU A AgUUaAa 
AcAADuTJ a aGUUAAa 
AAAUOgU c AAcAgAU 
GCTCuuO c CaDuQAD 
UuUoCAU U DauaOUU 
UUauAuO u aOgOCCO 
UUAuaUU u AugOcCU 
uaUAUUU a ugOCCuG 
CPJOAuOU a UgUCcOg 
CJUuADGU c cUGUaGU 
uOUAUGU c cUGUagU 
AAAGuGU u uaaCCUU 
AAgUGuU u aACcOUU 
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620 


UOAACcU u uDuGOACT 


1407 


cCAgUUU A CDcCAGg 


793 


caAGgCO u UGuGcAD 


1407 


ccAgOUU a CDCCAGG 


816 


CUGagUO a UACOCcc 


1410 


gOUUaCD C CAGGaAA 


818 


GAguOAD a cOCCcuC 


1434 


ADgCDUU XJ aOuOaAU 


825 


ACUcCcO c CccCOCA 


1434 


aOgcOuD XJ ADUOAAu 


825 


aCUccCU c CcCcOCa 


1434 


aOgcuUU u AuOOAAD 


839 


AiiCcucO O cGOUSCA 


1435 


DgcuuUu a DuCTaAOT 


840 


uCcucOO c GOTQCAu 


1435 


ugcOOUO a uUUAaOO 


863 


cAAgUAU U cCAGGCu 


1438 


UuUUADU 17 AAuUcug 


864 


AAgOADU c CAGGCug 


1438 


uOOOADO U AAIAxcOg 


864 


AAGUADU c caggCug 


1439 


OOOADOD A AOucOgtJ 


913 


gAaCDCU D GGucCaG 


1443 


UUUaAuU c UGuaAGa 


917 


OcOviggO c CACAuGG 


1447 


ADOCOGO A AgADGOu 


957 


UUagcAO c CuUucUc 


1458 


ugOUcaU a UUADUUA 


960 


GCAuccO u OcOcCuA 


1458 


ugOOcAU A uDAUOOA 


960 


GcaBcCU u uCOCcOa 


1460 


OucAHAD u AUUUAug 


962 


ADcCuuO C UCcUaGC 


1461 


UcADAilU A ODUADGA 


975 


gcccOTJ u AgADAgA 


1463 


AnAuDAtT O OADGAug 


987 


aGaDGAD A cuuAAUG 


1475 


AuGgADU c aGUAAgD 


990 


OGAiiACU u AAugacU" 


1479 


ADUcaGtJ A AgUOAaO 


1000 


DGACuCU c UugCuGA 


1483 


aGuAAGU u AADADDO 


1027 


CgggGCTJ U cCOgCOC 


1483 


aGDAAgU U AaOADDO 


1034 


OCCOGca C CUaOcuA 


1484 


GDAAgOU A aJUADUUA 


1037 


DgcOCcD A UcOAACU * 


1487 


agDUAAO a UOuAuGA 


1039 


cOccuAIJ c UAACOOC 


1487 


AgOUAaD A DDUAUOa 


1039 


cUCcUAD c UAACOUc 


1489 


UCAADaU U uAuDAcA 


1041 


CcOAUcO A ACUOcAa 


1489 


UUAAuAD u UADUaCA 


1051 


UUcAAuD U AAuAccC 


1489 


UOAanACJ D OADOacA 


1148 


uGAcUUU u cUuaDGU 


1490 


OAADaOO u AnOAcAc 


1213 


GCUgGaO u OUGGAaa 


1490 


UAaUADU U AUuAcAc 


1213 


gcUQGAU a uDgGAAA 


1490 


UAaOADU 0 ADUacAc 


1214 


cugGADD D UGGAaaA 


1491 


AADADUU a uuaCAcg 


1215 


ugGAUUU U GGAaaAG 


1491 


AAUAOuO a UuAcAcg 


1234 


gGGACACT c CccuDGC 


1491 


AaUADUU A OuAcAcG 


1236 


GACADcO c cuCCCAG 


1491 


AanADOU A UUacAcG 


1275 


ugGGCCU U AcOOcOC 


1494 


AUunADD a CAcgUAU 


1276 


gGGCCDU A cUOcttCc 


1502 


cAOGOaU A UaauADu 


1280 


CUaAcCU c TCcgOgO 


1502 


cAcgOAD a UAADaOU 


1298 


OgAACUO a AGAaGcA 


1507 


ABABAaC? a UUctlaaU 


1310 


gcAAAGU a aAuACcA 


1509 


AOAAuAU U COaAuAA 


1310 


GCAAAgU a aAOAcca 


1509 


aUaaUaO U COAADAA 


1310 


GcaAAgU a AAUAccA 


1510 


OAAuADU C OaAuAAa 


1350 


AAAGCAD A AAADggO 


1510 


UAAuADU C UaauAAA 


1358 


AAADGGU D ggGAngU 


1510 


UAAuAuD c UaaOAAA 


1370 


UgUuaUU C AGgOADC 


151Q 


OaaUaUU C UAAOAAA 


1375 


UDCAGgU A UCAGggU 


1512 


aOaUOCO A ADAAAgC 


1377 


CAGgOAU C AGggOCA 


1515 


UUCUAAU A AAgCAgA 


1383 


UCAGggU C AcOGgAG 




1405 


cccCAgD D OACUcCA 
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Table 17 

Mouse refA HH Target sequence 
nt. Position HH Target Sequence 



IS 


AADGGCU a 


caCaGgA 


22 


aGCDCcU a 


cGOgGCG 


26 


CcOCcatT u 


GcGgAr?. 


93 


GAuCUGU O 


uCCCCDC 


94 


AuCOGOU u 


CC0C3CA 


100 


DuCCCCD C 


ADCUUuC 


103 


CCCOCMJ C 


TOiCCcu 


105 


CDCADCU XJ 


uCCcuCA 


106 


OCADCU0 u 


CCcuCAG 


129 


CAGGCuCJ C 


UQGgCCu 


138 


GGgCCuU A 


UGUGGAG 


148 


UGGAGA0 C 


AOoGAaC 


151 


AGADCAU c 


GAaCAGC 


180 


AOGCGaCT U 


CCGCOAu 


181 


DGOGaDU C 


CGCQAuA 


186 


DDCCGCU A 


uAAaOGC 


204 


GGGCGCU C 


aGCGGGC 


217 


GCAGuAD u 


CCuGGCG 


239 


CACAGAD A 


CCACCAA 


262 


CCACCAU C 


AAGADCA 


268 


UCAAGA0 C 


AADGGCU 


276 


AADGGCU A 


CACAGGA 


301 


UuCGaAO C 


OCCC0GG 


303 


CGaAUCtJ C 


COJGGUC 


310 


CCCDGGU C 


ACCAAGG 


323 


GGcCOOJ C 


COCcuga 


326 


uCCaCCU C 


ACOGGCC 


335 


CCGGCCU c 


AuCCaCA 


349 


AuGAaCU D 


GOgGGgA 


352 


AGaUcaO c 


GaAcAGc 


375 


GADGGCU a 


COADGAG 


376 


ADGGucU C 


UccGgaG 


378 


GGCOaCO A 


UGAGGCU 


391 


CUGAcCU C 


OGCCCaG 


409 


GCaGuAO C 


CAuAGcO 


416 


CCgCAGO a 


DDCAuAg 


417 


CAuACcO U 


CCAGAAC 


418 


AuAficDtJ C 


CAGAACC 


433 


UGGGgAU C 


CAGDGUG 


795 


GGCUCCU U 


UUCuCAA 


796 


GCUCCUU U 


UCuCAAG 


797 


CUCCUUU 0 


CuCAAGC 


798 


uccouou c 


uCAAGCU 


829 


UGGCCAU U 


GUGUUCC 
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nt Position HH Target Sequence 



467 


cCAGGCU c cuguOCg 


4o9 


AaG<^cAU U AGcCAGC 


473 


UuOgAGU C AGauCAg 


481 


AGCGaAD C CAGACCA 


501 


AAcccca a ucaogou 


502 


ACCCUJU U CAcGODC 


508 


OuCAcGtJ O CCGADAG 


509 


uCAcGOO C CDAOACA 


512 


OjUUJUU A UAGAgGA 


514 


uwjujlAU A GAgGAGC 




GGGGACO A uGACuUG 


556 


DGOGcCa C U^JUUUJ 


3ol 


CoOXKjj a CCAGGDG 




Ikja^juu C CAGGUGA 


COS 


aAgCCA0 u AGoCAGc 


598 


GGCOOCU C CuCCTOa 


613 


cccoxsy c cucucac 


Oifa 


Ujumj^xi c uCaCADC 


617 


gucccna c ctJCAgcc 


620 


UJJUCCU C AgOTaug 


623 


OCCUgcU u CCADCUc 


628 


ACCCgAU u UUOGAuA 


630 


CCgAOuU U UGAuAAc 


631 


CgAOuOa 0 GAuAAaC 


638 


UGgCcAU U GCGuuCC 


ool 


CCGAGCa C AAGADCU 


r~-j 
oo / 


UCAAGAU C UGUiiAG 


687 


CGgAACU C CGGgAGC 


700 


GCCGCCU C GGUSGGG 


715 


AUGAGAD C UDCuOgC 


111 


GAGAOOJ U OaOgOTG 


718 


AGADCOO C utJgCOOT 


721 


UucUCCU c CauDGcG 


751 


AaGACAU U GAGGDGO 


759 


GAGGOGU A UUUCAOG 


761 


GGUGOMJ U OCACGGG 


762 


GOOTJJU U CACGGGA 


763 


UGOADUO C ACGGGAC 


792 


• CGAGGCU C CbUUUCu 


1167 


GAUGAGO O UuCCcCC 


1168 


AOGAGUU U uCCcCCA 


1169 


UGAGUUU u CCcCCAU 


1182 


AD3cUGa U aCCaUCa 


1183 


OGcUGUU a CCaDCaG 
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AUULWG0 0 CCGGACu 


1184 


GGccccU C CDcCOGa 


835 


UUUUUJU C CQSACuC 


1187 


GUccCutJ c COcaGCc 


845 


GACuCCO C CgOZlOGC 


1188 


UOaOCaU C aGGGCAG 


849 


CCOCCgO A OGCcGAC 


1198 


GGgAGuD u AGuCuGa 


872 


cCAGGCU C CtJGUuCG 


1209 


CAGcCCU a caOCUUc 


883 


UuCGaCO C OCCADGC 


1215 


cuGGCCU 0 aGCaCCG 


885 


CGaGOCO C CADGCAG 


1229 


GGuCCCU u CCucAGc 


905 


OCGGCCO U CuGAuCG 


1237 


CCCAgcO C CUGCCCC 


906 


COGCCDU C uGAllOGc 


1250 


CCAGcCU C CAGgCuC 


919 


GcGAGCU C AGOGAGC 


1268 


CCCaGCU C CuGCCcc 


936 


AUGGAgU U COLjUAC 


1279 


OCAD3G0 C cCuuCcu 


937 






ylAjoCJCvJ u AGCUgCO 


942 








953 




1309 


CuOOOSO vi C9AGUCU 


962 




1315 




965 


Ca.gUa.c0 u gCCaGAc 


J-J Xo 


WlGUUCU A aCuCCgG 


973 






gGGuOQJ C CcCAGuC 


986 


GAgACcU u cAAGagu 




CuuduCU C AaGCTOa 


996 


AGGACcSJ A D3AGACC 


1389 


AjuljUXjU C gGAaGCC 


1005 


GAGACCU 0 CAAGAGu 


1413 


COSCAGU 0 rXADGcU 


1006 


AGACCO0 C AAGAGuA 


1414 


TOCAGU0 0 GADGcDG 


1015 


AGAGuAU C ACGAAGA 


1437 


GGGGCCD U GCD0GGC 


1028 


GAAGAG0 C CUDDCAa 


1441 


CCCOGCO 0 GGCAACA 


1031 


GAGOOCDF U DCAauGG 


1467 


GgaGKX3U U CACAGAC 


1032 


AGUCCU0 0 CAauGGA 


1468 


gaGCCOD C ACAGACC 


1033 


GUOJUUO C AauGGAC 


1482 


COGGCA0 C uGOgGAC 


1058 


CCGGCCU C CAaCoCG 


1486 


CuDCgG0 a GggAACU 


1064 


OaCACCCT u GAucCAa 


1494 


GACAACO C aGAGDOO 


1072 


GgCGuAU U uuX^XiC 


1500 


UCaGAGU 0 CCAGCAG 


1082 


DG0GCCU a CCCGaAa 


1501 


CaGAGOO 0 CAGCAGC 


1083 


aaGOOTJ C CCGaAGu 


1502 


aGAGOOU C AGCAGCU 


1092 


CGaAaCO C AaCODCO 


1525 


gGuGCAU c CCOGOGu 


1097 


C0CAaC0 D OJUJCCC 


1566 


ADGGAGU A CCOJGAa 


1098 


UCAaCCO C UGOCCCC 


1577 


DGAaGC0 A UAAOJCG 


1102 


CUUC0G0 C CCCAAGC 


1579 


AaGCQAD A ACDCGCC 


1125 


CAGCCCD A caOdJOc 


1583 


UA0AAC0 C GCCDgGU 


1127 


GCCaUAU a gCcOUAC 


1588 


CDCuCOJ A GaGAggG 


1131 


cAUCCCO c agCacCA 


1622 


CCCAGCO C COGCCCC 


1132 


AcaOCDO c cCagCAD 


1628 


OCOX3CU u CggUaGG 


1133 


UCCaUcU c CagCuUC 


1648 


CGGGGCU u CCCAADG 


1137 


uuuaCuU u AgCgCgc 


1660 


cDGaCC0 C ugccCAG 


1140 


cCagCAD C CCOcAGC 


1663 


cuCOgCU 0 cCAGGuG 


1153 


GCACCAU C AACDuDG 


1664 


uCUgCUO c CAGGuGA 


1158 


AUCAACU u 0GADGAG 


1665 


' CUCgcUU u cGGAGgU 


1680 


GAAGACU U COCCDCC 






1681 


AAGACUU C DCCOCCA 






1683 


GACCOCU C CUCCADU 






1686 


UUCOCCO C CAUOGCG 






1690 


OCUCCAU U GOGGACA 
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1704 ALR3GACU U CUCuGCu 

1705 DGGACDU C UCuGCuC 
1707 GACUOCO C uGCuQJu 
1721 uuTOAGO C AGADCAG 
1726 GDCAGAU C AGC0CCC7 
1731 ADCAGOT C COAAGGu 
1734 AGCOCCD A AGGuGcU 
1754 CaGugCO C CCaAGAG 
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Table 18 

Human relA HH Target Sequences 
nt Position HH Target Sequence 



19 AAJJGGCU C GOCOGOA 

22 GGCOCGU C UGOAGOG 

26 CGOCOGO A GOGCACG 

93 GAACUGU U CCCOCUC 

94 AACOGCKJ C CCCEOCA 
ioo occccca C ADCUOCC 
103 CCCOCAU C OOCCCGG 

105 CDCMJCU V COOQGCA 

106 OCADCUU C CC3GCAG 
129 CAGGCCU C DGGCCCC 
138 GGCCCCU A DGOQSAG 
148 UGGAGATJ C ABOGAGC 
151 AGADCAU U GAQCAGC 

180 ADGOGCO U CCQCOAC 

181 OSCGCOa C OGCOACA 
186 UDCCGCU A CAAG0GC 
204 GGGCGCCT C CGOGGGC 
217 GCAGCAD C CCAGGCG 
239 CACAGAD A CCACCAA 
262 CCACCAD C AAGADCA 
268 OCAAGAD C AADGGCU 
276 AADGGCU A CACAGGA 
301 UGCGCA0 C UOCCOGG 
303 CGCADCO C CCO3G0C 
310 CCCOGGU C ACCAAGG 
323 GGACCCU C CDCACCG 
326 CCCOCCU C ACCGGCC 
335 CCGGCCO C ACCCCCA 
349 ACGAGCO U GUAGGAA 
352 AGCOUGU A GGAAAGG 

375 GADGGCU U COADGAG 

376 ADGGCOU C UAXX3AGG 
376 GGCUUCU A DGAGGCD 
391 C0GAGCU C DGOCCGG 
409 GCOGCAD C CACAGOU 

416 CCACAGO U UCCAGAA 

417 CACAGUU V CCAGAAC 

418 ACAGOUU C CAGAACC 
433 UGGGAA0 C CAGUG0G 

795 GGCCCCU V UUOGCAA 

796 GCUCCUU U UCQCAAG 

797 caccauu o cgcaagc 

798 UCCUUUU C GCAAGCU 
829 OGGCCAU U GDGOOCC 
834 ADUGOGO U CCGGACC 



PCT/IB95/D0156 



nt Position HH Target Sequence 



467 


GCAGGCU A UCAGUCA 


469 


AGGCUA0 C AGOCAGC 


473 


CATJCAGU C AGCGCAU 


481 


AGCGCAD C CAGACCA 


501 


AACCCCU O CCAAGUU 


502 


AOOCCCO C CAAGUCC 


508 


CCCAAGO U CCUAI1AG 


509 


CCAAGOT C COADAGA 


512 


AGoCCCU A OAGAAGA 


514 


UGCCUAD A GAAGAGC 


534 


GGGGACD A CGACCDG 


556 


ugoggcu c UGOJuar 


561 


cacDGcxr a ccaggog 


562 


UCUUOJU C CAQOTGA 


585 


GACCCA0 C AGGCAGG 


598 


GGCCCCU C CGCCOGC 


613 


CGCCCGU C CDOOCDC 


616 


CUWJLXJU U CCOCADC 


617 


UGUCCUU C CDCADCC 


* 620 




623 




628 




630 




631 




638 




651 


CCGAGCU C AAGADCU 


667 


DCAAGAD C OGCCGAG 


687 


CGAAACU C CGGCAGC 


700 


GCDGCCU C GGOGGGG 


715 


ADGAGAD C UUCCOAC 


717 


GAGADOT a CCOACDG 


718 


AGAOCUU C CtJACOGD 


721 


UODDCCU A CTJGUUJG 


751 


AGGACAJJ 0 GAGGUGU 


759 


GAGG03U A CUOCACG 


761 


GGUGUAD U DCACGGG 


762 


GOGUAUU U CAQGGGA 


763 


UGOADUa C AOGGGAC 


792 


CGAGGCO C CUOUUCG 


1167 


' GADGAGO U DCCCACC 


1168 


ADGAGUU U CCCACCA 


1169 


TJGAGOqa C CCACCAU 


1182 


AUGGQGU U UCCUDCa 


1183 


CGGGGUD a CCOUCUG 


1184 


GGDGUOU C CCUCUGG 
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835 


UUUUUUU C CGGAOCC 


1187 


GUUVCCU 


D 


CUGGGCA 


845 


GACCCCa C CCUACGC 


1188 


uuuccuu 


c 


OGGQCAG 


849 


CCUCCCU A CQCAGAC 


1198 


GGCAGA0 


c 


AGCCAGG 


872 


GCAGGCd C CTCOGCG 


1209 


CAGGCCO 


c 


GGCCUOG 


883 


OGCGUGU C UCCADGC 


1215 


UCGGCCO 


u 


GGCCCOG 


885 


CSOGCJQ7 C CAD3CAG 


1229 


GGCOCCD 


c 


CCCAAGO 


905 


GCGGCCO a CCGACCG 


1237 


CCCAAG0 


c 


cuguxc 


906 


CGGCCOO C CGACOGG 


1250 


CCAGGCO 


c 


CAGCCCC 


919 


GGGAGCO C AGOGAGC 


1268 


CCCU3CU 


c 


CAGCCAU 


936 


ADGGAA0 0 CCAGOAC 


1279 


CCADGGO 


A 


UCAGCUC 


937 


UGGAADU C CAGOACC 


1281 


ADGGUA0 


c 


AGCUCOS 


942 


UtJCCAGO A CCCGCCA 


1286 


ADCAGCU 


c 


DGGCCCA 


953 


GCCAGAD A CAGACGA 


1309 


CCCCDGO 


c 


CCAGOCC 


962 


C GOCAOCG 


1315 


DCCCAGO 


c 


CUAGOCC 


965 


CGADCGO C ACCGGAD 


1318 


CAGUCCU 


A 




373 


ACCGGAU O GAjQGAGA 


1331 


AGGCCCU 




COCAGGC 


986 


GAAACGCJ A AAAGGAC 


1334 


GOCUCCU 






996 


AGGACA0 A DGAGAOC 


1389 


AOGCUG0 




AGAGGCC 


1005 


GAGACQ7 CT CAAGAGC 


1413 


COSCAGtJ 


n 

V 




1006 


AGACCU0 C AAGAGCA 


1414 




n 




1015 


AGAGCAIJ C ADGAAGA 


1437 




IT 

u 




1028 


GAAGAGO C COQOCAG 


1441 




rr 




1Q31 




1467 




rr 
U 


/^TS /-» 


1032 




1466 








1033 


GOCCOUO C AGCGGAC 


1482 




r— 




1058 


CCGGCCU C CAQCDCG 


1486 


CAOOOGO 


r* 




1064 


UCCACCO C GACGCAU 


1494 






^Y'*^ /"Til U 1 


1072 


GACGGA0 U GCDGOGC 


1500 


UCCGAGD 


n 


VA— rU-A— rtij 


1082 


UGDGCCO U COOGCAG 


1501 








1083 


GDGCCUU C CCGCAGC 


1502 








1092 


CGCAGCU C AGCDOCa 


1525 


AGGGCAD 






1097 


CUCAGCU U COGDOOC 


1566 




A 




1098 


UCAGCUtJ C UGOCOOC 


1577 


DGAGGCU 


% 




1102 


CPOCPGO C CCCAAGC 


1579 








1125 


CAGCCCU A uuxxruu 


1583 


UADAACU 


c 




1127 


GCCOJAU C CCOOOAC 


1588 




A 


GOGACAG 


1131 


DAUCCCU U OAOGOCA 


1622 


CCCAGCU 




cuocxxxz 


1132 


ADCOCOO O AOGUCAD 


1628 


DCCDGCU 


c 


CACUGGG 


1133 


OCCCUDU A CGUCABC 


1648 


CGGGGCU 


c 


CCCAAOG 


1137 


UOOACGO C ADCCCOG 


1660 


ATOGCOJ 


c 


aJOUCAG 


1140 


ACGUCAD C CCDGAGC 


1663 


GCCOCCO 


0 


OCAGGAG 


1153 


GCACCA0 C AACOADG 


1664 


ccuxuu 


0 


CAGGAGA 


1158 


ADCAACU A OGADGAG 


1665 . 


cuccuuu 


c 


AGGAGAU 


1680 


gaagacu o caccacc 










1681 


AAGACUU C OOCOCCA 










1683 


GAOJUCU C CUCCAUU 










1686 


UOC0CC0 C CADUGCG 










1690 


CCUCCAD U GCGGACA 










1704 


AOGGACO U COCAGCC 
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1705 


CGGAGDO C UCAGCCC 


1707 


GAOJUCU C AGCCCOG 


1721 


GCOGAGU C A3ADCAG 


1726 


GUCAGAU C AGCOCCU 


1731 


ADCAGCU C CUAAGGG 


1734 


AGCUCCU A AGGGGGU 


1754 


COGCCCO C COCAGAG 
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Table 19. 

Mouse ret A HH Hibozyme Sequences 



nt HH Ribozyme Sequence 
Sequence 

19 UCC O GOG OXSA0GAGGCCGAAAGGCXGAA AGCCADU 

. 22 CACCACG COGATK3U3GCCGAAAGGCCGAA AGGAGCO 

26 DGOCCGC CDGAIX3USGCCGAAAGGCCGAA ADGGAGG 

93 GAGGGGA a3GMX3AGGOCGAAAGOOOGAA ACAGADC 

34 UGAGGGG 03GADGAGGCCGAAAGGCCGAA AACAGAU 

100 . GAAAGAU COGAIXIAGGCCGAAAGGCCGAA AGGGGAA 

103 AGGGAAA OX^GAGG<XGAAAGGCCGAA AOGAGGG 

105 UGAGGGA CD3A33GAGGCCGAAAGGCCGAA AGADGAG 

106 CDGAGGG COGWXSAGCXXXSAAAGQCCGAA AAGADGA 
129 AGGCCCA CDGAIXIAGGCCGAAAGGCCGAA AAGCCDG 
138 CUCCACA CUGADGAGGCCGAAAGGCCGAA AAGGCCC 
148 GUDCGAD (ZDGAIXaGGCCGAAAGGCCGAA ADCDCCA 
151 GCOGODC C03ADGAGGCCGAAAGGC03AA ADGADCU 

180 AOAGCGG QX5ATOAGGCCGAAAGGCCX31AA ADCGCAO 

181 OAUAGCG COGADGAGGCCGAAAGGCOGAA AADCGCA 
186 GCADUUA OX3ADGAGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCU CUGADGAGGCCGAAAGGCCGAA AGCGCCC 
217 CGCCAGG CDGADGAGGCCGAAAGGCCGAA AOACDGC 
239 UUGGOGG COGADGAGGCCGAAAGGCXGAA ADCOGOG 
262 DGADCUU GX3AIK3AGGCCGAAAGGGCGAA AOGGOGG 
268 AGCCADU CXK2ADGAGGCCGAAAGGCCGAA ADCDOGA 
276 OCCUUUG CDGADGAGGCCGAAAGGCCGAA AGCCADU 
301 CCAGGGA 03GAOGAGGCCGAAAGGCCGAA ADDCGAA 
303 GACCAGG CUGADGAGGCCGAAAGGCCGAA AGAOOCG 
310 CCUOGGU COGADGAGGCOGAAAGGCCGAA ACCAGGG 
323 UCAGGAG CUGADGAGGCCGAAAGGCCGAA AGGGGCC 
326 GGCCGGD CUGADGAGGCCGAAAGGCCGAA AGGUGGA 
335 DGDGGAD CIXSADGAGGCCGAAAGGOCGAA AGGCCGG 
349 UCCCCAC COGADGAGGCCGAAAGGCCGAA AGOUCAU 
352 GCUGUUC COGADGAGGCCGAAAGGCCGAA ADGADCU • 

375 CUCAOAG CUGADGAGGCCGAAAGGCCGAA AGCCAUC 

376 COCCGGA OmDGAGGCCGAAAGGCOGAA AGACCAU 
378 AGCCOCA CDGADGAGGCCGAAAGGCCGAA AGOAGCC 
391 CUGGGCA CUGADGAGGCCX3AAAGGCOGAA AGGUCAG 
409 AGCUADG CTTCAUGAGGCCGAAAGGCCGAA ADACOGC 

416 CUADGGA CUGADGAGGCCGAAAGGCCGAA ACUGCGG 

417 GUUCUGG CUGADGAGGCCX3U\AGGCCGAA AGCOADG 

418 GGOOCOG CUGADGAGGCCGAAAGGCCGAA AAGCUAD 
433 CACACOG CDGAIX5AGGCCGAAAGGCCGAA. ADCCCCA 
467 CGAACAG CUGADGAGGCtXAAAGGCCGAA AGCCOGG 
469 GCUGGCU CUGADGAGGCCXAAAGGCCGAA ADGGCUU 
473 CUGADCU CUGADGAGGCCGAAAGGCCGAA ACDCAAA 
481 VGGOOJG OJGADGAGGCCGAAAGGCCGAA ADOCGCU 
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501 AACGOGA CDGAUGAGGCCGAAAGGOCGAA AGGGGDD 

502 GAACGOG CUGAIXSAGGCCX2VAAGGCCGAA AAGGGGCJ 

508 COAUAGG COGADGAGGCCGAAAGGOOGAA ACGDGAA 

509 OCOADAG aXSADGAGGCCGAAAGGOOSAA AACGOGA 
5U OCCOCOA OXSADGAGGCCGAAAGGCCGAA AGGAACG 
514 GCDCXOC CDGADGAGGCCGAAAGGCCGAA AHAGGAA 
534 CAAGOCA OTSADGAGGCOSAAAGC^CGAA AGUCCCC 
556 GGAAGCA CCXSADGAGGCCGAAAGGOOGAA AGGCGCA 

561 CACCDGG C^GATOAGGCCGAAAGGOCGAA AGCAGAG 

562 UCACCOG OXSADGAGGCCGAAAGGCCGAA AAGCAGA 
585 GCOGGCa OXSAIXSAGGCCGAAAGGCCGAA ADGGCDU 
598 OCAGGAG COGADGAGGCCGAAAGGCCGAA AGGGGCC 
613 GOGAGAG COGADGAGGCCGAAAGGOCGAA ACAGGGG 

616 GADGOGA CCGAUGAGGCCGAAAGGCCGAA AGGACAG 

617 GGCOGAG COGADGAGGCXGAAAGGOCGAA AAGGGAC 
620 CADGGCO COGAX7GAGGCOGAAAGGOQGAA AGGAAGG 
623 GAGADGG OXSCCX^GGCCGAAAGGCCGAA AGCAGGA 

628 OADCAAA CT3ADGAGGCCGAAAGGOOGAA ADCGGAD 

630 GUUATX3V CTXjADGAGGCCGAAAGGOOGAA AAAOCGG 

631 GGOUADC OX3AIXSAGGCCGAAAGGCCGAA AAAADCG 
638 GGAACAC COGJU3GAGGOX3UVAGGCOGAA ADGGCCA 
661 AGADCU0 CE3ADGJU3GCCGAAAGGCCGAA AGCUCGG 
667 CDCGGCA COGADGAGGCCGAAAGGCOGAA ADCDDGA 
687 GCUOQCA CIX3AEGAGGCCGAAAGGCCGAA AGDDCCG 
700 CCOCACC CCXyODGAGGCOGAAAGGOOGAA AGGCAGC 
715 GCAAGAA OJGAOSAGGCCGAAAGGCCGAA AOCUCA0 

717 CAGCAAG CDGADGAGGCCGAAAGGOCGAA AGAOCUC 

718 ACAGCAA CTXIAOGAGGCCGAAAGGCCGAA AAGADCU 
721 CGCAADG CIX5ADGAGGCCGAAAGGCCGAA AGGAGAA 
751 ACACCOC CCF3AIXSAGGCCGAAAGGCCGAA ADGOCUU 
759 CGOGAAA Q3GADGAGGOCGAAAGGCCGAA ACACCUC 

761 0CCGO3A CXX3ADGAGGCCGAAAGGCCGAA AOACAOC 

762 DCCCGOG COGAXXSVGGCCGAAAGGCOGAA AADACAC 

763 GOXCGO CDGADGAGGQCGAAAGGOCGAA AAAOACA 
792 AGAAAAG CTOA3DGAGGCCGAAAGGCOGAA AGCCOCG 

795 DOGAGAA CX7GADGAGGCCGAAAGGCOGAA AGGAGCC 

796 CDIX5AGA CTCAOGAGGCCGAAAGGCCGAA. AAGGAGC 

797 GCOOGAG OX3AD3AGGCCGAAAGGOCGAA AAAGGAG 

798 AGCUDGA COSAD3AGGOCGAAAGGCCGAA AAAAGGA 

629 GGAACAC COGADGAGGCCGAAAGGCQGAA ADGGCCA 

834 AGDCCGG aX3ADGAGGCCGAAAGGCCGAA ACACAA0 

835 GAGOCCG CTOAIXSAGGCCGAAAGGCCGAA AACACAA 
845 GCGOACG OT3ADGAGGCCGAAAGGOCGAA AGGAGDC 
849 GOCGGCG OXJADGAGGCCGAAAGGCCGAA ACGGAGG 
872 CGAACAG CTCAIXaAGGCCGAAAGGCCGAA AGCCOGC 
B83 GCADGGA CIXjADGAGGCCGAAAGGOCGAA ACDCGAA 
885 COGCAIK COGAUGAGGCCGAAAGGCCGAA AGACUCG 

905 CGADCAG 03GAD3AGGCXX^AAGGCCGAA AGGCCGC 

906 GCGADCA COGAOGAGGCCGAAAGGCCGAA AAGGCCG 



SUBSTITUTE SHEET pULt 26) 

NUC 37837 



WO 95/23225 PCT/IB95/00156 

233 

919 GCUCACO CUGADGAGGOCGAAAGGGQGAA. AGCOCGC 

936 GUAjCOGG OJGAJL^AGGCCGAAAGGCCGAA ACUCCAD 

937 AGUACDG CD^UGAGGCCGAAAGGCCGAA AACOCCA 
942 UGGCAAG CDGgUDGAO^X ^A AAGGCOSA ACOGGAA 
953 DCAOGOG O3GADGAGGCCGAAAGGC0GAA ADGAGGC 
962 OGGUGGC CUSAIX^SGCCGAAAGGCCGAA ADCADCU 
965 GDCDGGC aXJADGACGO^AAAC^XGAA AGUACUG 
973 GCDCDDC C0GAO3AGGO0GAAAGGCX3GAA ADCCGGU 
986 AC0CDO3 COGAXRSAGGCCGAAAGGC^^ AGGOCOC 
996 GGUCUCA OX^AOGAGGCCGAAAGGCOGAA AGGOCCU 

1005 ACOCOOG COGADGAGGCXXIAAAGGCCGAA AGGOCOC 

1006 UACUCOU CCGAIJ3W3GCCGAAAGGCCGAA AAG GO C O 
1015 OCOUCA0 CXJGAIXiAGGCCGAAAGGCCGAA AOACOCO 
1028 UCGAAAG COGADGAGGOSSAAAGGCOGAA ACDCUUC 

1031 CCADDGA COGADGAGGOXAAAGGCCGAA AGGACUC 

1032 UCCADUG COGAI3GAGGCOIAAAGGCOGAA AAGGACU 

1033 GOCCADO OX3tfX3AGGCa3AAAGQCOG3A AAAGGAC 
1058 CGGGOOG CTXSAOCStfSGCCGAAAGGCCGAA AGGOCGG 
1064 UUGGADC CCGADGAGGCCGAAAGGCOGAA AGGUGOA 
1072 GCACAGC COGAEKjAGGCCGAAAGGCCGAA ADAOSCC 

1082 UDOCGGG COGADGAGGCCGAAAGGOOSAA AGGCACA 

1083 ACDOOGG OTAOGAGGaaGAAAGGCOSAA AAGGCUU 
1092 AGAAGUO CUGADGAGGCCGAAAGGCCGAA AGUUOCG 
10^7 GGGACAG CDGAD3AGGOCGAAAGGCOGAA AGOOGAG 
1098 GGGGACA COGADGAGGCCGAAAGGCCGAA. AAGDOGA 
1102 GCOOQGG CXJGADGAGGCCGAAAGGCOGAA ACAGAAG 
1125 GAAGGDG OX3ADGAGG<XGAAAGGtXGAA AGGGCOG 
1127 GUAAGGC COGAJDGAGGCCGAAAGGOCGAA ADADGGC 

1131 UGGOGCO CUGAIXiAGGCOGAAAGGCOGAA AGGGADG 

1132 . AIX^OGG 03GADGAGGCCGAAAGGCCGAA AAGGUUJ 

1133 GAAGCDG CiraUXSAGGCCCAAAGGCOGAA AGADGGA 
1137 GCGCGCU CDGADGAGGCOSAAAGGCCGAA AAGUAAA 
1140 GCOGAGG OX»DGAGGCa5AAAGGCOGAA ADGCOGG 
1153 CAAAGDU COGAIXiAGGCCGAAAGGCCGAA ADGGOGC 
1158 CUCADCA CTOAIX^AGGOOGAAAGGCCGAA AGOOGAD 

1167 GGGGGAA COGA3CCAGGCCGAAAGGCCGAA ACOCADC 

1168 OGGGGGA CC?3AIXiAGGCCGAAAGGCCGAA AACDCAD 

1169 AOGGGGG COGtfUXaAGGCOGAAAGGCOGAA AAACOCA 

1182 UGADGGtT CDGAIXIAGGCCGAAAGGCCGAA ACAGCAD 

1183 CUGADGG OT2A0GAGGCO3UVAGGO0GAA AACAGCA 

1184 UCAGGAG CDGADGAGGCCGAAAGGOOGAA AGGGGCC 

1187 GGCDGAG CDGAIX2AGGCOGAAAGGCCGAA AAGGGAC 

1188 CUGCCOJ COGAIXIAGGCCGAAAGGCCGAA ADGGOAA 
1198 UCAGACO CXTCADGAGGCOGAAAGGCOGAA AACOCOC 
1209 GAAGGDG CDGADGAGGCCGAAAGGCCGAA AGGGCUG 
1215 CGGOGCO CCGADGAGGCCGAAAGGOOGAA AGGCCAG 
1229 GCOGAGG CUGADGAGGCCGAAAGGCCGAA AGGGACC 
1237 GGGGCAG CUGADGAGGCOSAAAGGCCGAA AGCOGGG 
1250 GAGCCUG CCK3ADGAGGCCGAAAGGCCGAA AGGCDGG 
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1268 GGGGCAG CCGAIXAGGOCGAAAGGCOGAA AGCUGGG 

1279 AGGAAGG CDGADGAGGCCGAAAGGCCGAA ACCADGG 

12 Bl OGCaGCO CEGADGAGGCCGAAAGGX33GAA AGCCCAC 

1286 UGGGGGA CDGABGAGGCX3GAAAGGCCGAA AACUCAU 

1309 AGACUCG COGADGAGG032AAAGGCOGAA ACAGGAG 

1315 GGGUUAG CIX3AIX3AGGCCGAAAGGCCGAA ACOGGGG 

1318 CCGGGGU OJGAI3GAGGCCGAAAGGCCGAA AGAACOG 

1331 GACGGGG COGM3GAGGCCGAAAGGCX33AA AGGACCC 

1334 DCAGCOU CCGADG2\GGCCGAAAGGCOGAA AGAAAAG 

1389 GGCUOCC COGADGAGGCCGAAAGGCCGAA ACAGCGU 

1413 AGCAOCA aKATOAGGCXXSAAAGGCO^ ACCGCAG 

1414 CAGCADC CO3A0GAGGCCSAAAGGCCGAA AACCGCA 
1437 GCCAAGC C02AD3AGGCCGAAAGGCCGAA AGGCCCC 
1441 DGDOGCC CaSUXSAGGCOZAAAGGCCGAA AGCAAGG 

1467 GDCOGDG CO^DGAGGCXX^AAGGCCGAA ACACDCC 

1468 GGOCUGU (3X3tf3GAGGCCGAAAGGCCGAA AACACDC 
1482 GOCCACA aXUOXSUSGCCGAAAGGCCGAA ADGCCAG 
1486 AGOOCOC CCJGRDGAGGCCGAAAGGCCG3VA ACCGAAG 
1494 AAACOCU CUGAXJGAGGC02AAAGGCCGAA AGUOGCC 

1500 COGCOSA COGADGAGGCCGAAAGGCCGAA ACOCOGA 

1501 GCOGCOG COGADGAGGCCGAAAGGCCGAA AACOCCG 

1502 AGCUGCU CIX3U3GA£GCCGAAAGGCCGAA AAACOCU 
1525 ACACAGG aX3U3GAGGCCGAAAGGCOGAA ADGCACC 
1566 UUCAGGG CCX3ADGAGGCCGAAAGGCCGAA ACUCCAD 
1577 CGAGOnA CCX3AIX3AGGCCEAAAGGCCGAA AGCDOCA 
1579 GGCGAGO CTOADGAGGCCGAAAGGCCGAA ADAGCUU 
1583 • AOCAGGC CDGAJDGAGGCXXSAAAGGCQGAA AGUUAUA 
1588 COCQCOC OCX3ADGAGGCCGAAA£53CCGAA AGGAGAG 
1622 GGGGCAG CCGA0GAGGCOSAAAGGCCGAA AGCUGGG 
1628 COIACCG COGADGAGGCCGAAAGGCCGAA AGCAGGA 
1648 CADUGGG COGADGAGGCCGAAAGGCCGAA AGCCCCG 
1660 CDGGGCA COGATCAGGOCGAAAGGCCGAA AGGUCAG 

1663 CACCUGG COGATOAGGCCGAAAGGOCGAA AGCAGAG 

1664 OCACCUG CIJGAIX2AGGCCGAAAGGCCGAA AAGCAGA 

1665 ACCUCCG COGuUXAGGCCGAAAGGCCGAA AAGCGAG 

1680 GGAGGAG CUGAD3AGGCCGAAAGGCCGAA AGUCUUC 

1681 OGGAGGA OJ3AIX3AGGCCGAAAGGCCGAA AAGUCOU 
1683 AADGGAG CIJGAIX2AGGCCGAAAGGCCGAA AGAAGUC 
1686 CGCAADG COGAJOGAGGCCGAAAGGCCGAA AGGAGAA 
1690 UGOCCGC COGAIXSIGGCCGAAAjGGCCGAA ADGGAGG 

1704 AGCAGAG OJGADGAGGCCGAAAGGCCGAA AGUCCAD 

1705 GAGCAGA C03AjO^U3GCXX3lAAGGCOGAA AAGUCCA 
1707 AAGAGCA CDGAXXSAGGCTGAAAGGCCGAA AGAAGUC 
1721 CUGAECO QXSAtXSAGGCXGAAAGGCCGAA ACTCAAA 
1726 AGGAGCO COGAIX3AGGOCGAAAGGCOGAA ADCUGAC 
1731 ACCUUAG CU3AIJ3AGGCCGAAAGGCCGAA AGCOGA0 
1734 AGCACCU CD3AIJGAGGCCGAAAGGCCGAA AGGAGCU 
1754 COCUOGG OJGAJKAGGCOSAAAGGCCaAA AGCACUG 
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Table 20 

Human rel A HH Ribozyme Sequences 

nt. Position HH Ribozyme Sequences 

19 UACAGAC COGADGAGGCCSAAAGGCCGAA AGCCADU 

22 CACDACA OTGATOAGGCCGAAAGGCCGAA ACGAGCC 

26 CGUGCAC CTIATCAGGCCGAAAGGCCGAA ACAGACG 

93 GAGGGGG CDGADGAGGCCGAAAGGOOGAA ACAGUUC 

94 DGAGGGG aXLAIXiAGGCCGAAAGGOCGAA AACAGUU 
100 GGAAGA0 CDGADGAGGCCGAAAGGOQGAA AGGGGGA 
103 CCGGGAA QXiADGAGGCCGAAAGGCCGAA ADGAGGG 

105 0GCCGGG CTSADGAGGCCGAAAjGGO^^ AGADGAG 

106 COGCCGG OXaiXSAGGCrGSVAAGOCCGAA AAGAOGA 
129 GGGGCCA CTCADGAGGCnSAAAGGCCGAA AGGCCOG 
138 COCCACA CDGMXSAGGCOGaAAGGCOGAA AGGGGCC 
148 GCOCAAU aXSATOAGGCOGAAAGGCCGAA AUCUCCA 
151 GCOGCDC CXP3ADGAGGCOGAAAGGCCGAA ADGADCU 

180 GOAGCGG COGATOAGGCOGAAAQGCCGAA AGCGCAD 

181 DGaAGOG CCX*ADSAQGO0GAAAGGCOGAA AAGCGCA 
186 GCACDDG CXGAIX3AGGCCGAAAGGCCGAA AGCGGAA 
204 GCCCGCG OX3AOGAGGCCGAAAGC5CCGAA AGCGOCC 
217 CGCCOGG CDGATXS&GGCCGAAAGGOCGAA ADGCOGC 
239 UUGGCGG CUGAIXIAGGCCGAAAGGCCGAA ADCOGDG 
262 OGAUCUU C03ATCAGGCCGAAAGGCCGAA ADGGOGG 
268 AGCCAUa COSADGAGGCCGAAAGGCCGAA AUCUUGA 
276 DCCOGDG CTCAIXJAGGCCGAAAGGCCGAA AGCCADU 
301 CCAGGGA COGADGAGGCCGAAAGGCOGAA AOGCGCA 
303 GACCAGG COGAIXSAGGCCGAAAGGCCGAA AGADGCG 
310 CCOOGGO aXSUX^GGCCGAAAGGCCGAA ACCAGGG 
323 CGGOGAG COGAIXSAQGCC G AAAGGCCGAA AGGGOCC 
326 GGCCGGO OX3AIX3tGGCCGAAAGGCCGAA AGGAGGG 
335 VGCGGGO ajSADGAGGCCGAAAGGOOGAA AGGOCGG 
349 UOCCUAC C0GAD3AGGCO3AAAGOCCGAA AGCDCGU 
352 CCUUOCC CUSAXX3AGGCCGAAAGGCCGAA ACAAGOJ 

375 COCADAG QXsAXXaAGGCOGAAAGGCCGAA AGCCADC 

376 CCOCADA OX3A1X3AGGCCGAAAGGCOSAA AAGCCAU 
378 AGCCUCA COGWX3AGGCCX3AAAGGCOSAA AGAAGCC 
391 CCGGGCA COSAOSAGGcaSAAAGGCCGAA AGCOCAG 
409 AACOGOS C0GAO3AGGCO3AAAGGCCGAA AUGCAGC 

416 UOCOQGA COGADSAGGOOGAAAOGCCGAA ACOGOGG 

417 GUOCUGG COSADGAGGCCGAAAGGOOGAA AACUGOG 

418 GGUUCUG OX3AIXSAGQCOGAAAGGCCGAA AAACDGU 
433 CACAOK CIXIADGAGGCCGAAJU3GCCGAA ADUCCCA 
467 OSACOGA aXiADGAGGCCGAAAGGCOGAA AGCCUGC 
469 GCUGACU OXaAOuRGGCCGAAAGGOOGAA ADAGCOJ 
473 ADGCGCU COGADGAGGCCGAAAGGCCGAA AOJGAUA 
481 D3GOOX3 O3GA0GAGGC0GAAAGGGCGAA ADGCGCU 
501 AACUOGG ODGAOGAGGC03AAAGGCCGAA AGGGGUO 
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502 GAACDOG CJJGADGAGGOCGAAAGGOOGAA. AAQQGGO 

508 CUAHAGG CD3AIX3AGGCOGAAAGGCOGAA ACUUGGA 

509 UCUAUAG CDCIATCAGGCCCL\AAGGCCGAA AACOOGG 
512 UCJUUCUA COCSVDGAOGCCGAAAG3CC5GAA AGGAACU 
514 GCDCUDC CUGAOGAGGCCGAAAGGCCGAA AOAGGAA 
534 CAGGGCG CDGAIXaAGGCCGAAAGGCCGAA AGOCCCC 
556 GGAAGCA QX3ADGAGGCCGAAAGGCCGAA AGCCGCA 

561 CACCCGG C3XSAIX2AGGCCGAAAGGOCGAA AGCAGAG 

562 OCACCCG CDGAIJGAGGCXGAAAGGCXGAA AAGCAGA 
585 CCOGCCD OTGACT3AGGOCXSAAAGGC0GAA ADG3G0C 
598 GCAGGCG CDGAIXAGGCCGAAAGGCOGAA AGGGGCC 
613 GAGGAAG CUGADGAGGCCGAAAGGCCGAA ACAGGCG 

616 GADGAGG CDGACGAGGO^AAAGGCCGAA AGGACAG ■ 

617 GGADGAG CUGADGAGGCQHAAAGGOCGAA AAGGACA 
620 ADGGGAU dOGADGAGGCOSAAAGGCOGAA AGGAAGG 
623 AAGADGG CDGAJDGAGGCOGAAAGGOOSAA ADGAGGA 
628 OGOCAAA CDGADG3U3GCCGAAAGGCCGAA ADGGGAU 

630 AUUGUCA COGADGAGGCCEAAAGGCCGAA AGADGGG 

631 GADDGOC COGAJDGAGSCCGAAAGGOOGAA AAGADGG 
638 GGGGCAC CO3AIXIAGGC0GAAAGGGCGAA A0OS0CA 
661 AGAOCUU CTOAIXSAGGCCGAAAGGCOGAA AGCOCGG 
667 CUCGGCA CTOADGAGGCOGAAAGGCOGAA ADCDCGA 
687 GCOGCCA COGATjGAGGCCGAAAQGQOGAA AGOOOCG 
700 CCCCACC CUGADGAGGCCGAAAGGCCGAA AGGCAGC 
715 GUAGGAA CUGATCAGGOOGAAAGGCXXjAA ADCOCA0 

717 CAGUAGG C03ADGAGGOCGAAAGGCCGAA AGADCDC 

718 ACAGUAG COGAI3GAGGCOGAAAGGCOGAA AAGADCU 
721 CACACAG COGATOAGGCO^JVAGGCOGAA AGGAAGA 
751 ACACOTC QX2ADGAGGCCGAAAGGCCGAA ADGOOCU 
759 CGOGAAA CCJ3AJ0GAGGCCGAAAGGCCGAA ACACCOC 

761 CCCGOGA CaSADGAGGOCGAAAGGOOGAA AOACACC 

762 TKXX3GCG COGADGAGGCCGAAAGGCOGAA AAOACAC 

763 GOCCCGO aXJATCAGGCCGSVAAGGCCGAA AAAX2ACA 
792 CGAAAAG O3GAIX3AGGCCGAAAGGC0GAA AGCCDCG 

795 UUGCGAA COGAECAGGCCGAAAGGCCGAA AGGAGCC 

796 OJUGCGA. OX3AXK3AGGCCGAAAGGCOGAA AAGGAGC 

797 GCUDGCG COGAIXSAGGCOGAAAGGCCGAA AAAGGAG 

798 AGCUUGC CDGADGAGGCOSAAAGGCOGAA AAAAGGA 
829 GGAACAC COSADGAGGCOGAAAGGCOGAA ADGGCCA 

834 GGOCCGG OX^UX^AGGCCGAAAGGCCGAA ACACAAU 

835 GGGUCCG CDGAIX2AGGCCGAAAGGC03AA AACACAA 
845 GCGOAGG COGATXIAGGOCGAAAGGCOGAA AGGGGOC 
849 GUCUGCG CUGAUGAGGCCGAAAGGCCGAA AGGGAGG 
872 CGCACAG COGAOGAGGCCGAAAGGCCGAA AGCCUGC 
883 GCADGGA OX^IXSAGGCCGAAAGGCCGAA ACACGCA 
885 CUGCACG CTCAD3AGGOCGAAAGGCCGAA AGACACG 

905 CC-GUCGG CIJGADGAGGCCGAAAGGCCGAA AGGO0GC 

906 CCGGOCG COGAUGAGGCCGAAAGGCCGAA AAGGOCG 
919 GC0CAOJ COGADGAGGCOSAAAGGCOGAA AGCUCCC 
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936 GDACUGG OX3ADGAGGCCC3UUtt3GCQSAA ADUCCAD 

937 GGUACOG COGADGAGGCXaVAAGGOOGAA AADOCCA 
942 UGGCAGG CIXSADGAGGCCGAAAGGCCGAA ACGGGAA 
953 TOGOCOG aKSADGMGCCQttAGGOOGAA ADCOGGC 
962 OSGUGAC COGADGAGGCCGAAAGGCCGAA ADCGOCU 
965 ADCCGOT COGAIX3AGGCCGAAAGGCCGAA ACGADCG 
973 UCDCCOC OOGADGAGGCCGAAAGGCCGAA ADCCGGU 
986 C U CCU UU C0GMX3AGGCCGAAAGGCCGAA ACGUOOC 
996 GGUCUCA COGADGAGGCCGAAAGGCCGAA ACGUCCU 

1005 GCUCOOG OX5ADGAGGCCGAAAGGCCGAA AGGOCDC 

1006 DGcacua cogadgaggoxaaaggccgaa AAGGUCU 

1015 DCDDCM7 C0GADGAGGCOGAAAGGOOGAA ADGCOCT 

1028 CDGAAAG aX3ADGAGSXGAAAGGCOGAA ACDCUDC 

1031 CCGCOGA COGAIX3AGGCCGAAAGGCCGAA AGGACCC 

1032 UCCGCOG COGADGAGGCCGAAAGGCCGAA AAGGACO 

1033 GUCCGCU 0PGADGAGG023UUIGGCCGAA AAAGGAC 
1058 CGAGGOG OX3A03U3GCCGAAAGGCCGAA AGGOCGG 
1064 ADGCGOC COGSADGAGGCCGAAAGGOOGAA AGGUGGA 
1072 GCACAGC OXJA03AGGCOGAAAGGCOGAA ADGCGO C 

1082 OTGCGGG COGADGAGGCCGAAAGGCCGAA AGGCACA 

1083 GCOGCGG COGADGAGGCCGAAAGGCCGAA AAGGCAC 
1092 AGAAGCU COGADGAGGCCGAAAGGCCGAA AGCOGCG 

1097 GGGACAG COGACGAGGCCGAAAGGCCGAA AGCCGAG 

1098 GGGGACA COGADGAGGCCGAAAGGCCGAA AAGCCGA 
1102 GCOOGGG C03ADGAGGCCGAAAGGCGGAA ACAGAAG 
1125 AAAGGGA QJGADGAGGCCGAAAGGOCGAA AGGGCCG 
1127 GUAAAGG COGADGAGGCCGAAAGGCCGAA ADAGGGC 

1131 UGACGUA COGADGAGGCCGAAAGGCCGAA AGGGA0A 

1132 ADGACGU COGADGAGGCCGAAAGGCCGAA AAGGGAU 

1133 GADGACG CDGAOSAGGCCGAAAGGCCGAA AAAGGGA 
1137 CAGGGAD COGADGAGGCCGAAAGGCCGAA ACGUAAA 
1140 GCUCAGG C03ADGAGGCCGAAAGGGOGAA ADGACGU 
U53 CADAGOO" CXIGADGAGGCCGAAAGGCOGAA ADGGOGC 
1158 COCADCA COGADGAGGCCGAAAGGCCGAA AGUDGAD 
1167 GGUGGGA COGADGAGGCCGAAAGGCCGAA ACOCADC 
1163 OGGOGGG OXaDGAGGCCGAAAGGCCGAA AACDCAU 
1169 ATK3GUGG COGATOAGGCCGAAAGGCCGAA AAACOCA 
1182 AGAAGGA COGADGAGGCCGAAAGGCCGAA ACACQAU 
U83 CAGAAOG OX3ADGAGGCOGAAAGGCCGAA AACACCA 
1184 CCAGAAG aXSADGAGGCOSAAAGGCCGAA AAACACC 

1187 UGCCCAG OX3ADGAGGCCGAAAGGCCGAA AGGAAAC 

1188 CDGCCCA CCGAtJGAGGCOGAAAGGOCGAA AAGGAAA 
1198 CCOGGCU QX3ADGAGGGCGAAAGGOCGAA ADCDGCC 
1209 CAAGGCC COGADGAGGCCGAAAGGCCGAA AGGCCUG 
1215 CGGGGCC COGADGAGGCCGAAAGGCCGAA AGGCCGA 
1229 ACU0G3G COGADGAGGCCGAAAGGCCGAA AGGGGCC 
1237 GGGGCAG COGADGAGGCCGAAAGGCCGAA ACUDGGG 
1250 GGGGCUG OTSADGAGGCCGAAAGGCCGAA AGCCDGG 
1268 ADGGCOG COGADGAGGCCGAAAGGCCGAA AGCAGGG 
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1279 GAGCOGA COGADGAGGCCGAAAGGCCGAA. ACCADGG 

1281 CAGAGCU CCX3ADGAGGCCGAAAGGCOGAA AUACCAIJ 

1286 OOGGCCA OJ^ADGAGGCCGAAAGGCCGAA AGCDGAU 

1309 GGACOGG CXKaATOAGGCCGAAAGGCCGAA ACAGGGG 

1315 GGGCUAG COGADGAGGCCGAAAGGCCGAA ACDGGGA 

1318 COGQGGC CCX3AIX5AGGOCGAAAGGCCGAA AGGACDG 

1331 GCCOGAG C0GADGAGGO0GAAA(3QCOGAA AGGGCCU 

1334 ACAGCCD OTGAD3AGGOCGAAAGGOOGAA AGGAGGG 

1389 GGCCDCD COGAJDGAGGCOGAAAGGCXGAA ACAGCGU 

1413 . ADCAJDCA CXX1AIX5AGGCOGAAAGGCCGAA ACOGCAG 

1414 CADCADC COGADGAGGCCGAAAGGCCGAA AACOGCA 
1437 GOCAAGC aXSATCAGGCOSUACGCC^ AGGCCCC 
1441 OGUOGCC CDGAIX3U3GCOSVAACGCOGAA AGCAAGG 

1467 GOCOGOG COGADGAGGCCGAAAGGCCGAA ACACAGC 

1468 QGOCOGa C^XSADGAGGOCGAAAGGCCGAA AACACAG 
1482 GOCGACG COGADGAGGCCGAAAGGCCGAA ADGCCAG 
1486 AGOOGOC CDGAOGAGGCaSAAAGGCCGAA ACGGADG 
1494 AAACOCG CCXaADGAGGCCGAAAGGCOGAA. AGOOGUC 

1500 COGCOGA CTOAXXSAGOOCGAAAGQCCGAA ACOCGGA 

1501 GCOGCCX3 aXSUKSAGGOCGAAAGGOOSAA AACOOGG 

1502 AGOT3CU C0GMX3AGGCO3UttGGCXGAA. AAACOCG 
1525 CCACAGG CO3A0GAGGCCGAAAGGOCGAA ADGCCCO 
1566 CTCAGQG CTC3UX3AGGCCGAAAGGCCGAA ACDCCAU 
1577 OGAGOUA OX2ADGAGGCX32AAAGGCCGAA AGOCOCA 
1579 GGCGAGO COGADGAGGCCGAAAGGCCGAA ADAGCCU 
1583 ACOAGGC C0GAO31AGGCCGAAAGGCCGAA AGDUADA 
1588 CDGOCAC CDGEAI3GAGGCCGAAAGGCCGAA AGGCGAG 
1622 GGAGCAG COGAOGAGGCCGAAAGGCOGAA AGCOGGG 
1628 CCCAGOG COGAIX3AGGCCGAAAGGCCGAA AGCAGGA 
1648 CADUGGG CCK3AIX^GGCCGAAAGGCOGAA AGCCCCG 
1660 CUGAAAG CXX2ADGAGG023AAAGGCCGAA AGGCCAD 

1663 COCCOGA OX3UX5AGGCCGAAAGGOOGAA AGGAGGC 

1664 UCOCCOG COGA30GAGGOSAAAGGCCGAA AAQGAG3 

1665 ADCCCCO (XK3ADI3U3GCCGAAAGGCOGAA AAAGGAG 

1680 GGAGGAG aX3UX2AGGCCGAAAGGCOGAA AGOCOOC 

1681 UQGAGGA COGADGAGGCCGAAAGGCCGAA AAGOCUU 
1683 AADGGAG CCPG3UXSAGGCCGAAAGGOOGAA AGAAGDC 
1686 CGCAAUG CDGAD3AGGCCGAAAGGC0GAA AGGAGAA 
1690 UGOCCGC OXjADGAGGOCGAAAQGCCGAA ADGGAGG 

1704 GGCDGAG CIXaADGAGGCCGAAAGQCGGAA AGOCCA0 

1705 GQGO0GA CX3GAD3AGGCCGAAAGGCCGAA AAGDCCA 
1707 CAGGGCU CXE&D3AGQCCGAAAGGC0GAA AGAAGOC 
1721 COGADCO COSADGAG30CGAAAGGCXGAA ACOCAGC 
1726 AGGAGCO COSAOGAGGraSAAAGGCOSAA ADGOGAC 
1731 CCCOOAG COGAD3AGGCGGAAAGGCOGAA AGCOGAD 
1734 ACCCCCa QXSAUGAGGCCGAAAGGCOGAA AGGAGCU 
1754 COCUGGG COGADGAGGCCGAAAGGCCGAA AGGGCAG 
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Table 23: Human TNF-a HH Ribozyme Target Sequence 



at . HH Target Seguance 

Position 



28 


GGCAGGO 


a 




29 


GCAGGUU 


c 


UCUUCUJ 


31 


AGGUUCU 


c 


UUCOKJU 


33 


GOUCVCU 


D 


CCUOJCA 


34 


UUCUUJU 


C 


COCDCAC 


37 


ucoucco 


C 


OCACACA 


39 


uuccuco 


C 


ACAUACU 


44 


CUCACAD 


A 


CUGACCC 


58 


CACGGCU 


c 


CACCCUC 


65 


OCACCCtr 


c 


ucuucxx: 


67 


ACCCOCO 


c 


UCCOCOG 


69 




c 


CCCXX3GA 


106 


GCADGAU 


c 


CGGGACG 


136 


AGGCGCU 


c 


CCCAAGX 


165 


CAGGGCU 


c 


CAGGCGG 


177 


CGGUGCU 


a 


GDOCCUC 


180 


OGCuOgU 


u 


CCOCAGC 


181 


GOjUUUU 


c 


COCAGCC 


184 


UUUUULU 


c 


AGOCOCO 


190 


UCAGCCU 


c 


OOCDCCD 


192 
193 
195 


AGCCOCU 


u 


axxi/uc 


GCXUCUU 


c 


uccuocc 


CUCUUCU 


c 


CUOCCDG 


198 


UOCUCCU 


u 


CCCGADC 


199 


Dcucaja 


c 


COGABOG 


205 


IKJLUGA0 


c 


GTJ3GCAG 


226 
228 


CCACGCU 


c 


UUCOGCC 


ACGCOCO 


D 


CUGOCDG 


229 


OGCDCUU 


c 




243 


COGCACD 


u 


U3GAGOG 


244 


UGCACDa 


u 


GGAGUGA 


253 


GAGUGA0 


c 


GGCCCCC 


273 


GAAGAGa 


c 


COCCAGG 


266 


GGGAOCU 


c 


UCOCDAA 


288 


GACCOCO 


c 


DCUAAUC 


290 


CCOCUCU 


c 


UAADCAG 


292 


DCDCOCU 


A 


ADCAGCC 


295 


CtXHAAtT 


c 


AGOOCUC 


302 


CAGCCCTJ 


c 


DGGCOCA 



nt, HH Taxget Sequence 
Position 



321 


GOCAGAU 


C 


auojucu 


324 


AGADCAU 


c 


0CODOGA 


326 


ADCAJDCU 


a 


CCOGAAC 


327 


OCADCDU 


c 


0CGAACC 


329 


ADCUUCU 


c 


GAACCCC 


352 


AGCCUGO 


A 


GCOCADG 


361 


OOCADGO 


U 


GUAGCAA 


364 


ADGOUGU 


A 


GCAAAOC 


374 


AAAOOCU 


C 


AAGCDGA 


391 


GGCAGCU 


c 


CAGOGGC 


421 


ADGCCCU 


c 


CQ3GOCA 


449 


GAGAGAD 


A 


ACCAGCO 


468 


GOGCCAU 


c 


AGAGGGC 


480 


GGCCOGU 


A 


CCUCADC 


484 


UGUACCD 


C 


ADCOACU 


487 


ACCLXAU 


c 


UACOCCC 


489 


CDCADCU 


A 


CDCCCAG 


492 


ADCOACU 


C 


CCAGGOC 


499 


COCAGGU 


c 


cacoucA 


502 


AGGOCCa 


c 


OOCAAGG 


504 


GDOCUCU 


u 


CAAGGGC 


505 


uajtxuu 


c 


AAGGGCC 


525 


ogcocoj 


c 


CAOOCAU 


538 


ADGOGCC7 


c 


CTCAOCC 


541 


TX3COCOJ 


c 


ACCCACA 


553 


ACACCAU 


c 


AGCCGCA 


562 


GCCGCAU 


c 


GOOGOCU 


568 


OCGCCGU 


c 


bcamcc 


570 


GCCGOCU 


c 


CUACCAG 


573 


ojcoccu 


A 


CCAGACC 


586 


CCAAGGU 


c 


AACCUCC 


592 
595 


OCAACCU 


c 


CDCUCUG 


ACUUCCU 


c 


DCDGCCA 


597 


CDCCOCU 


c 


CGCCAUC 


604 


CCGCCAO 


c 


AAGAGCC 


657 


CCCUGGU 


A 


OGAGCCC 


667 


AGCCCAD 


c 


UADCDGG 


669 


CCCADCU 


A 


UCDGGGA 
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O l L 




Q 








c 


UOCCAGC 


Oo4 






OCAGCOG 


CQC 


flfyjl Tin 


p 




709 


ACCGACO 


C 


AGCGCUG 


721 


CCJGAGAU 


c 


AADOGGC 


725 


GADCAAU 


c 




735 


CCCGACD 


A 


UCOOGAC 


737 


CGACUAU 


c 


OCGACDU 


739 


ACQADCD 


c 


GACOUUG 


744 


CUCGACU 


u 


CK3COGAG 


745 


UCGACUD 


0 


GCCGAGU 


753 


GCCGAGO 


c 


D3GGCAG 


763 


GGCAGGU 


c 


UACUUUG 


765 


CAGGUCU 


A 




768 


CAJLUACU 


0 


UGGGADC 


769 


UCQACCJ 


a 


GGGADCA 


775 


rjrjGGGAD 


c 


AUUGCCC 


778 


GGADCAU 


a 


GCOCDGU 


801 




c 


CAAOCOU 


ouo 


CCAACCU 




CCCAAAC 




CAACCOU 




CCAAACG 


820 


AACGCCO 


C 


CCC0GOC 


ATI 






Pr inn I a n. 


O-J / 




n 

U 




838 




0 


ADUAOCC 


839 




A 


nrnprrr 


841 




u 


ACCOOCU 


842 












p 








0 


PAf^APJVP 


Ojj 








OOJ 




L. 








L. 




O/i. 

R79 
O / * 




rr 






p 




n*7p 
o /o 






B n ft fi B/"*B 


890 


AGAGAAU 


a 


GGGGGCD 


898 


GGGGGCTJ 


o 


AGGGOCG 


899 


QGGGOOU 


A 


GGGUCGG 


904 


UOAGGGU 


c 


GGAACCC 


917 


CCAAGCU 


o 


AGAAcaa 


918 


CAAGCDU 


A 


GAACOOO 


924 


UAGAACU 


u 


CAAGCAA 


925 


AGAACOU 


0 


AAGCAAC 


926 


GAACUUU 


A 


AQCAACA 


945 


CACCACU 


0 


CGAAACC 


946 


ACCACOU 


c 


GAAAOCU 


959 


CUGGGAU 


u 


CAGGAAU 



960 


CGGGAOU 


c 


AGGAADG 


1001 


AACCACU 


A 


AGAAODC 


1007 


UAAGAA0 


a 


CAAACUG 


1008 


AAGAADU 


Q 




1021 


GGGGCCU 


c 


CAGAACU 


1029 


CAGAACU 


c 


ACOQGGG 


1040 


GGGGCCU 


A 


CAGCUOO 


1046 


UACAGCU 


U 


OGADCCC 


1047 


ACAGCUU 


u 


GADCCCO 


1051 


CGUUiAU 


c 


COJGACA 


1060 


CIXSACA0 


c 


D3GAADC 


1067 


COGGAAU 


c 


OGGAGAC 


1085 


GGAGCCU 


u 


UGGODCU 


1086 
1090 
1091 


GAGCCUU 


a 


GG0OC0G 


OJUUGGU 


a 


axsxcA 




c 


OGGCCAG 


1113 


CAGGACU 


a 


GAGAAGA 


1124 


AAGACCU 


c 


ACCQAGA 


1129 


COCACCU 


A 


GAAADOG 


1135 


UAGAAAD 


u 


GACACAA 


1151 


DGGACCU 


u 


AGGOUUU 


1152 
1158 


GGACCUU 


A 


GGQCDDC 


UAGGCCU 


0 




1159 
1162 


AGGCCOT 






ccuuccu 


c 




1164 


UUCCDCU 


c 


PPPAfiAO 


1166 


ccucucu 


c 


CAGADGU 


1174 


CAGADGU 


0 


DCCAGAC 


1175 . 


AGADGUU 


0 


CCAGACO 


1176 


GALKJUUU 


Q 




1183 


CCAGACO 


0 




1184 


CAftApnn 

wUinLUU 


p 




1187 






V^LrtijiAJL-rtJL. 


1208 


GAGCCCU 


p 


prr^Jinr^ 


1224 


GCCAGCU 






1228 






Tmnnmn 

vAUUUnU 


1230 


DCCCOCD 


A 


ODUADGO 


1232 


CCOCHAD 


u 


GAOGOOO 


1233 


CCCUAUU 


D 


ADGOOOG 


1234 


UCUADUU 


A 


DGUCJUGC 


1238 


UuuaDGU 


0 


UGCAOJO 


1239 


UUADGUU 


a 


GCACUDG 


1245 


OUGCACD 


a 


GUGADUA 


1251 


UUGOGAU 


a 


AuuuaUU 


1252 


CGUGADU 


A 


CUUADOA 


1254 


UGADDAD 


U 


UAUOADO 


1255 


GAUDAUD 


u 


AUUAUUO 


1256 


ADOADUU 


A 


UOADUUA 


1258 


UADUUAU 


a 


AUUOADU 
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1259 


ADUUAUU A UUUAUUU 


1440 


1261 


DUADUAU 0 UAUUUAU 


1441 


1262 


UADOADD U ADUUADU 


1446 


1263 


ADUAUOU A UUUAUUA 


1448 


1265 


UAUUUAU U UATJUADU 


1449 


1266 


ADUUAUU U ADUADUU 


1451 


1267 


UUUADUU A UUADUUA 


1456 


1269 


UAUUUAU U ADUUAUU 


1457 


1270 


ADUUADU A UUUAJjOU 


1461 


1272 


UDADOAIJ U UAUUUAU 


1464 


1273 


OAUOADU U AUUUA0U 


1466 


1274 


ADUADUU A UTJUADUU 


1479 


1276 


OADDOAIJ U UADUUAC 


1480 


1277 


ADUUAUU U ADUUACA 


1494 


1278 


UUUADUU A UUUACAG 


1498 


1280 


UAUUUAU U UACAGAD 


1501 


1281 


ADUUAUU U ACAGADG 


1512 


1282 


UUUADUU A CAGAD3A 


1517 


1294 


DGAADGD A UUUAUUU 


1528 


1296 


AADGUAD U UADUUGG 


. 1533 


1297 


ADGDAUU U AUUUGGG 


1537 


1298 


UGUAUUU A UUUGGGA 


1540 


1300 


UAUUUAU U UGGGAGA 


1546 


1301 


ADUUAUU U GGGAGAC ' 


1549 


1315 


CCGGGGU A UCCUGGG 


1551 


1317 


GGGGUAU C CUGGGGG 


1552 


1334 


CCAADGU A GGAGCUG 


1566 


1345 


GCUGCCU U GGCDCAG 


1572 


13S0 


CUUGGCU C AGACADG 


1576 


1359 


GACADGO U UUCCGOG 


1577 


1360 


ACAUGUU U UOXUGA 




1361 


CADGUUU U CuGUiAA 




1362 


AUGUUUU C CGUGAAA 




1386 


GAACAAU A GGCUGUU 




1393 


AGGCUGU U CCCATCU 




1394 


GGCUGUU C CCADGUA 




1401 


CCCADGU A GCCCCCU 




1414 


CUGGCCU C UGUGCCU 




1422 


UGUGCCU U CUUUUGA 




1423 


GUGCCUU C UUUUGAU 




1425 


GCCUUCU U UUGADUA 




1426 


CCUUCUU U UGADUAD 




1427 


CUUCUUU U GAUUADG 




1431 


UUUUGAU U ADGUUUU 




1432 


OUUGAUU A UGUUUUU 




1436 


ADUADGU U UUUUAAA 




1437 


UUAUGUU U UUUAAAA 




1438 


UADGUUU U UUAAAAU 
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UGUUUUU 


U 


AAAAUA0 


OJUUUUU 


A 


AAAUADU 


UUAAAAU 


A 


UUADCUG 


AAAADAU 


U 


ADCUGAD 


AAAUADU 


A 


UCCGAUU 


AUAUUAD 


C 


UGAUUAA 


ADCUGAD 


u 


AAGUUGU 


UCUGADD 


A 


AGUOGDC 


ADUAAGU 


U 


GCCUAAA 


AAGUOoU 


c 


CAAACAA 


GuUJuUJ 


A 


AACAADG 


CGCEGAD 


a 


GGGUGAC 


GCUGADU 


u 


GGUGAOC 


CAACUGU 


c 


ACUCAUU 


UGUCACU 


c 


AUUGOJG 


CACUCAU 


u 


GCCGAGG 


GAGGCCU 


c 




CDCUGCU 


c 


CCCAGGG 


AGGGAGU 


a 


GU3UCUG 


GUUGUGU 


c 


UGUAADC 


UGLKJUUJ 


A 


ADGGGCC 


CUGUAAD 


C 


GGCCUAC 


CCGGCCU 


A 


CUADUCA" 


GCCUACU 


A 


UUCAGCG 


CUACDAD 


U 


CAGUGGC 


UACUADU 


C 


AGCGGCG 


GAGAAAU 


A 


AAGGUUG 


UAAAGGU 


U 


GCUUAGG 


GGbUGCU 


U 


AGGAAAG 


GUUGCUU 


A 


GGAAAGA 
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Table 24: Human TNFhdc Hammerhead Ribozyme Sequences 



. nt. 


HH Rlbozyme Sequence 


position 








28 


GGAAGAG 


053ADGAGGCCGAAAGGCCGAA 


ACQXj*X 


29 


AGGAAGA .CDGAD3AGGCCGAAAJSGCCGAA 


AAOCQGC 


31 






AGAACCD 


33 


UGAGAGG 


CLXjAJUGAGGUlXiAAAGGCU 


AGAGAAC 


34 


GUGAGAG 


CXfcAlAaAXKvLX^UAAACaaCUGAA 


AAGAGAA 


37 


UALXjUGA 


UUwUAjALr*9(_UUAAAGt»^ 


AGGAAGA 


39 


AGUACXjU 


<JUWU^A£j^JLXxAAAboL3J^ 


AGAGGAA 


44 


GGGQCAG 




AOGOGAG 


58 






AGOCGOG 


65 






AGGGOGG 


67 


CAGGGGA 


C[X5ADSAGGCCGAAAGGfYr:i^ 


AGAGGGa 


69 


DCCAGGG 




AGAGAGG 


106 


OGOCCCG 




AECADGC 


136 






AGCGCC0 


165 






agcccog 


177 






AGCACCG 


130 


GCDGAGG 


COSADGAGGCCGAAAGGCQ3AA 


ACAAGCA 


181 


GGCUGAG 


aJGADGAGGCCGAAAGGO^GAA 


AACAAGC 


184 


AGAGGCO 


CtXaADGAGGOOGAAAGGOCGAA 


AGGAACA 


190 


AG3AGAA 


COGADGAGGCCGAAAGGCCGAA 


AGGCOSA 


192 


GAAGGAG 


CUGADGAGGCCGAAAGGCCGAA 


AGAGGCO 


193 


GGAAGGA 


OT5ADGAGGCCX5AAAGGCCGAA 


AAGAGGC 


195 


CAGGAAG 


OX3ADGAGGCCGAAAGGCCGAA 


AGAAGAG 


198 


GADCAGG 


CCX2AXX3AGGCCGAAAGGCCGAA 


AGGAGAA 


199 


OGABCAG 


CDGWOGAGGCCGAAAGGCCGAA 


AAGGAGA 


205 


CUGCCAC 


COGARaAGGQOGAAAGGCCGAA 


ADGAGGA 


226 


GGCAGAA 


COGADGAGGCCGAAAGQCCGAA 


AGCGGGG 


228 


CAGGCAG 


CDGAlXiAGGCCGAAAGGCCGAA 


AGAGCGO 


229 


GCAGGCA 


COGADGAGGCCGAAAGGCGGAA 


AAGAGCG 


243 


CACOCCA 


COGADGAGGCOSaAAGGCCGAA 


AGUGCAG 


244 


DCACOCC 


OX2ADGAGGCCGAAAGGCX3GAA 


AAGOGCA 


253 




COGAIXIAGGCaSAAAGGCOGAA 


ADCACUC 


273 


COJGGGG 


CDGAD3AGGO0GAAAGQCCGAA 


ACOCDOC 


286 


UUAGAGA 


COGADGAGGCCGAAAGGCCGAA 


AGGpCCC 


288 


GADOAGA 


CtX^ADGAGGCCGAAAGGCCGAA 


AGAGGDC 


290 


CUGADUA 


CDGAUGAGGCCGAAAGGCCGAA 


AGAGAGG 


292 


GGCOGAD 


COGAXXSAGGCCGAAAGGCXXSaA 


AGAGAGA 


295 


GAGGGCU 


CTCADGAGGCCGAAAGGCOGAA 


ADQAGAG 


302 


UGGGCCA 


CUGADQAGGCCGAAAGGCCGAA 


AGGGCTO 
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AGAAGAD CUGADGACGCCGAAAGGCCGAA ADCOGAC 
OCGAGAA CDGADGAGGC0GJUUVG5C0GAA ADGADCU 
GUUCGAG COGADGAGGCCGAAAGGCCGAA AGADGAU 
GGUDCGA COGADSAGGCCGAAAGGCCGAA AAGADGA 
GGGGDDC COGADGAGGCOSAAAGGCCGAA AGAAGAD 
CADGGGC CDt3ADGAGGCCGAJU\GGCCGAA ACAGGCD 
DDGCUAC aX3ADGAGGC03AAAGGCCGAA ACAOGGG 
GGUDDGC CXR3VDGAGGCCGAAAGGCCGAA ACAACAD 
DCAGCDU CCRSADGAGGCCGAAAGGCaiAA AGGGOGU 
GOCACDG CDGADGAGGCCGAAAG30CGAA AGCOGCC 
DGGCCAG CXXsADGAGGCCXSAAAGGCCGAA AGGGCAU 
AGCDGGO CTCATCAGGCCGAAAGGCa^-A ADCDCOC 
GCCCDCT CDGADGAGGCCGAAAGGCCGAA ADGGCAC 
GADGAGG aXSADGAGGCOSAAAGGCCGAA ACAGGCC 
AGOAGA0 OXSADGAGGCrGAAAGGCCGAA AGGUACA 
GGGAGUA C0GAtX3AGGCO3A>JVGGCCGAA ADGAGGD 
CDGGGAG CDGADGAGGCCGAAACGCCGAA AGADGAG 
GACCDGG 03GADGAGGCCGAAAGGCCGAA AGUAGAD 
DGAAGAG COGADGAGGCOIAAAGGCCGAA ACCDGGG 
CCUDGAA CDGADGAGGCCGAAAGGCCGAA AGGACCU 
GCCCDDG CUGADGAGGCCGAAAGGCCGAA AGAGGAC 
GGCCCDO COGADGAGGCXX1AAAGGCCGAA AAGAGGA 
ADGGGDG COGADGAGGCCGAAAGGCCGAA AGGGGCA 
GGGDGAG CDGADGAGGCCGAAAGGCCGAA AGCACAIJ 
UGOGGGO CX&SADGAGGC03AAAGGCCGAA AGGAGCA 
DGCGGCU CUGADGAGGCCGAAAGGCCGAA ADGGOGU 
AGACGGC CDGATOAGGC03AAAGGCCGAA ADGCGGC 
GGOAGGA CDGADGAGGCCGAAAGGCCGAA ACGGCGA 
CCGGDAG CDGADGAGGCCGAAAGGCCGAA AGACGGC 
GGDCUGG CDGADGAGGCCGAAAGGCCGAA AGGAGAC 
GGAGGUO CDGADGAGGCCGAAAGGCCGAA ACCUDGG 
CAGAGAG CDGADGAGGCCGAAAGGCCGAA AGGUDGA 
DGGCAGA CDGADGAGGCCGAAAGGCCGAA AGGAGGU 
GADGGCA CDGADGAGGCCGAAAGGCCGAA AGAGGAG 
GGCUCUU CDGADGAGGCCGAAAGGCCGAA ADGGCAG 
GGGCDCA CDGADGAGGCCGAAAGGCCGAA ACCAGGG 
CCAGADA CDGADGAGGCCGAAAGGCCGAA ADGGGCU 
tJCCCAGA CDGADGAGGCCGAAAGGCCGAA AGADGGG 
CCDCCCA CDGADGAGGCCGAAAGGCCGAA ADAGADG 
GCUGGAA CDGADGAGGCCGAAAGGCCGAA ACCCCDC 
CAGCOGG CDGADGAGGCCGAAAGGCCGAA AGACCCC 
CCAGCDG CDGADGAGGCCGAAAGGCOGAA AAGACCC 
CAGCGCD OX3ADGAGGCX33AAAGGCCGAA AGDCGGU 
GCCGADU aXSADGAGGCCGAAAGGCCGAA AOC0CAG 
OCGGGCC CDGADGAGGCCGAAAGGCCGAA ADDGADC 
GDCGAGA CDGADGAGGCCGAAAGGCCGAA AGUCGGG 
AAGDCGA CDGADGAGGCCGAAAGGCOGAA ADAGDCG 
CAAAGUC CDGADGAGGCCGAAAGGCCGAA AGADAGD 
COCGGCA CDGADGAGGCCGAAAGGCCGAA AGDCGAG 
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745 ACUCGGC QJGALJGAGGCCGAAAGGCCGAA AAGUCGA 

753 COGCCCA CDGAIXaAGGCCGAAAGGCCGAA ACOCGGC 

763 CAAAGOA CXJGAIXaGGCCGAAAGGCOSU ACCOGCC 

- 765 CCCAAAG CXIGADGAGGCCGAAAGGCCGAA AjGACCUG 

768 GADCCCA COGADGAGGCCGAAAGGCCGAA AGUAGAC 

769 UGADCCC COGADGAGGCCGAAAGGCCGAA AAGGAGA 
775 GGGCAAU COGADGAGGOCGAAAQGCQGAA ADCCCAA 
778 ACAGGGC COGAIXaGGCCGAAAGGCCGAA AEGADCC 
801 AAGGOOG COGADGAGGCCGAAAGGCCGAA. ADGUUCG 

808 GDUDGGG OKADGAGGCCGAAAGGCCGAA AGGOOGG 

809 CGUOOGG CCEATCAGGOSGAAAGGCCSAA AAGGUCG 
820 GGCAGGG CDGADGAO^CCGAAAGGCCGAA AGSCGUU 
833 AUAAAGG CIX2&CCAGGCC£AAAGG£X3GAA ADOGGGG 

837 GGOAADA aXaAJTOAQGCCGAAAGGCCGAA AGGGADU 

838 GGGOAA0 CCGADGAGGCCGAAAGGCCGAA AAGGGAU 

839 GGGGOAA COSJUXaGGCXXaAAGGCCGAA AAAGGGA 

841 AGGQSGU ajGAIXaGGOIGAAAGGCCGAA AOAAAGG 

842 GAGGGGG COGAJ^AQGCCGAAAGGCCGAA AAEAAAG 
849 DCDGAAG CDGAOGW3GCOIAAAGGCCGAA AGGGGGU 

852 GOGOOX; CDGADG3WGGCCGAAAGGCCGAA AGGAGGG 

853 GGOGUCa OIGAJ0GAGGCCGAAAGGCCGAA AAGGAGG 
863 AGAGGOD COGADGAGGCCGAAAGGCOGAA AGGGUGO 
869 GCCAGAA CDGAIX3AGGCCGAAAGGCCGAA AGGOOGA 

871 GAGCCAG CCGAIXSAGGCCGAAAGGCCGAA AGAGGUO 

872 TOAGCCA CTCAIXZAGGCaSAAAGGCCGAA AAGAGGU 
878 IXAJUUUU COSAIXIAGGCCGAAAGGCCGAA AGCCAGA 
890 AGCOCCC COGAimGGCCGAAAGGCCGAA AUUCOCU 

898 CGACCCU CXX3MJGAGGCCGAAAGGOCGAA AGCCCCC 

899 OCGACCC COGMX3AGGCCGAAAGGCCGAA AAGCCCC 
904 GGGUOCC CX^OGJUSGCCGAAAGGCCGAA ACCCUAA 

917 AACOOOJ COGAI3GAGGCCGAAAGGCCGAA AGCDUGG 

918 AAAGOOC OT3ATOAGGOCGAAAGGCCGAA AAGCDUG 

924 UOGCUOA OX3U3SAGGOOGAAJU33CCGAA> AGOUCUA 

925 GUOGCOU CDSAD3AGGOOGAAAOGCX3GAA AAGOOCU 

926 DGDTCCa COGAUaAGGCCGAAAGGCCGAA AAAGCJOC 
945 GGOOUCG CXK3ADGAGGOCGAAAGGCCGAA AGOGGCG 
945 AGGOOOC COGADGAGGCCGAAAGGOCGAA AAGGGGU 

959 ADOCCOG CXTCUX3AGGCCGAAAGGCCGAA ADOCCAG 

960 CAIJUCCU COSATOAGGCCGAAAGGCOGAA AAECCCA 
1001 GAADOCU COGADGAGGCCGAAAGGCCGAA AGOGGUU 

1007 CAGUOOG CTX5ADGAGGCCGAAAGGCCGAA A U OCUUA 

1008 OCAGOOU CD3AD3AGGC0GAAAGGCCGAA AADOCUU 
1021 AGUUCIAJ CUGAXX3AGGCOGAAAGGCCGAA AGGCCCC 
1029 CCCCAGa CDGADGAGQOCJGAAAGGCOGAA AGUDCUG 
1040 AAAGCUG aXSATOAGGCCGAAAGGCCGAA AGGCCCC 

1046 GGGADCA COGAD3AGGCCGAAAGGCOGAA AGCUGUA 

1047 AGGGADC OK2A03AGGCCGAAAGGCCGAA AAGCCGU 
1051 OGOCAGG a3GATCAGGCCGAAAGGCCGAA ADCAAAG 
1060 GADUCCA CTXSADSAGGCCGAAAGGCCGAA ADGUCAG 
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1067 GDOXXA COGADGAGGCCGAAAGGCCGAA ADOCCAG 

1085 AGAACCA CIX3A133AGGCOGAAAGGCCGAA AGGCUCC 

1086 CAGAACC OK3ADGAG3CCGAAAGGOCGAA AAGGCOC 

1090 UGGCCAG COGADGAGGCCGAAAGGOCGAA AOCAAAG 

1091 COGGCCA CUGADGAGGCCGAAAGGCOGAA AAOCAAA 
1113 UCDUCUC CXX3ADGAGGC03AAAGGCCGAA AGUCCUG 
1124 UCDAGGU CUQOTAGGCCGAAAGGCCGAA AGGOCOU 
1129 CAADUOC OXSAUGAGGCCGAAAGGCCGAA AGGOGAG 
1135 UUGUGUC COGAOGAGGOTSAAAGGOCGAA AUUU C UA 

1151 AAGGCCU CCGADGAGGCCGAAAGGCCGAA AGGOOCA 

1152 GAAGGCC OXaiXSAGGCCGAAAGGCCGAA AAGGOCC 

1158 AGAGAGG COGADGAGGCCGAAAGGCCGAA AGGCCDA 

1159 GAGAGAG OT3AIX3AGSCCGAAAGGCCGAA AAGGCCU 
U62 CDGGAGA CCGADGAGGCCGAAAGGCCGAA AGGAAGG 
1164 ADCOGGA CXX3ADGAGGCXX3AAAGGCCGAA AGAGGAA 
1156 ACADCOG COGADGAGGCCGAAAGGCCGAA AGAGAGG 

1174 GUCOGGA COGAD3AGGCCGAAAGGCCGAA ACADCDG 

1175 AGOCOGG COGADGAGGCCGAAAGGCCGAA AACADCO 

1176 AAGOCOG COGAOGAGGCOGAAAGGCCGAA AAACADC 
U83 COCAAGG COGADGAGGCCGAAAGGCCGAA AGOCOGG 
1184 UCOCAAG COGADGAGGODGAAAGGCCGAA AAGOCOG 
1187 GOGOCOC COGADGSUSGCCGAAAGGCCGAA AGGAAGO 
1208 CCADGGG OX^DGAGGCCGAAAGGCOGAA AGGGCOG 
1224 ADAGAGG COGADGAGGCCGAAAGGCCGAA AGCOGGC 
1228 AUAAADA COGADGAGGCCGAAAGGCCGAA AGGGAGC 
1230 ACAUAAA COGADGAGGCCGAAAGGCCGAA AGAGGGA 

1232 AAACAUA C0GA0GAGGCCGAAAO3CCGAA AOAGAGG 

1233 CAAACAU COGADGAGGCCGAAAGGCCGAA AADAGAG 

1234 GCAAACA CI3GADGAGGCCGAAAGGCCGAA AAAOAGA 

1238 AAGUGCA COGADGAGGCCGAAAGGCCGAA ACAUAAA 

1239 CAAGOGC COGADGAGGCCGAAAGGCCGAA AAGADAA 
1245 OAADCAC CXXjADGAQGCCGAAAGGCCGAA AGOGCAA 

1251 AADAAAO COGADGAGGCCGAAAGGCCGAA ADCACAA 

1252 UAAUAAA OJGADGAGGCCGAAAGGCCGAA AAUCACA 

1254 AADAAUA COGADSAGGCCGAAAGGCCGAA AUAADCA 

1255 AAADAAU COGADGAGGCCGAAAGGCCGAA AADAADC 

1256 OAAADAA COGADGAGGCCGAAAGGCCGAA AAADAAU 

1258 AAUAAAU C0GAD3AGGCCGAAAGGCCGAA AUAAADA 

1259 AAADAAA OX3AOGAGGCCGAAAGGCCGAA AAUAAAU 

1261 ADAAAUA COGADGAGG033AAAGGCCGAA AUAAUAA 

1262 AAUAAAU COGADGAGGCCGAAAGGCCGAA AADAAUA 

1263 UAADAAA COGADGAGGCCGAAAGGCXX5AA AAADAAU 

1265 AADAAUA OX2AOGAGGCCGAAAGGCCGAA ADAAAUA 

1266 AAADAAU COGADGAGGCCGAAAGGCCGAA AAOAAA0 

1267 OAAADAA COGADGAGGCCGAAAGGCCGAA AAADAAA 

1269 AADAAAO COGADGAGGCCGAAAGGCCGAA ADAAADA 

1270 AAADAAA COGADGAGGCCGAAAGGCCGAA AADAAAO 

1 272 ADAAAUA COGADGAGGCCGAAAGGCCGAA AUAAUAA 

1273 AAUAAAU COGADGAGGCCGAAAGGCCGAA AADAAUA 
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1274 AAAOAAA CDGADGAGGCCGAAAGGCCGAA AAADAAU 

1276 GUAAADA COGADGAGGCQGAAAGGCCGAA ADAAADA 

1277 DGUAAAU OXSADGAGGCCGAAAGGCCGAA AADAAAU 

1278 CGGDAAA CDGADGAGGCCGAAAGGCCGAA AAADAAA 

1280 AOCDGUA COGADGAGGCCGAAAGGCCGAA ADAAADA 

1281 CAUCOGU CDGADGAGGCOGAAAGGCCGAA AADAAAD 

1282 UCADCUG COGADGAGGCOGAAAGGCOGAA AAADAAA 
1294 AAADAAA CDGADGAGGCOGAAAGGCCGAA ACADUCA 

1296 CCAAADA COGATOAGGCCGAAAGGOOGAA ADACADU 

1297 CCCAAAD COGAIX3AGGCCGAAAGGCCGAA AADACAD 

1298 UCCCAAA COGADGAGGOCGAAAGGCCGAA AAADACA 

1300 UCECCCA CDGAIX^AGGOCGAAAGGCCGAA ADAAADA 

1301 G uCOOOC COGADGAGGCCGAJUGGCCGAA AADAAAD 
1315 CCCAGGA CDGADGAGGCCGAAAGGCCGAA ACOCCGG 
1317 CCCCCAQ CIX^AI73AGGCOGAAAGGCCGAA ADACCCC 
1334 CAGCOCC CDGADGAGGCCGAAAGGOCGAA ACADOGG 
1345 CCGAGCC OJGADGAGGOOGAAAGGCCGAA AGGCAGC 
1350 CADGOCO OX»DGAG3Ca£UVAGGOa}AA AGCCAAG 

1359 CACGGAA CDGADGAGGCCGAAAGGCCGAA ACADGOC 

1360 DCACGGA CUGADGAGGCCGAAAGGCCGAA AACADGO 

1361 UUCACGG COGADGAGGCOGAAAGGCOGAA AAACADG 

1362 OUUCACG COGADGAGGCCGAAAGGOCGAA AAAACAD 
1386 AACAGCC OTSADGAGGCCGAAAGGCOGAA ADGGODC 

1393 ACADGGG COGADGAGGCCGAAAGGOCGAA ACAGCCU 

1394 ' UACAOGG OT3ADGAGGCGGAAAGGCCGAA AACAGCC 
1401 AGGGGGC CUGADGAGGCXEAAAG3COGAA ACADGGG 
1414 AGGCACA CDGADGAGGCOGAAAGGCCGAA AGGCCAG 

1422 DCAAAAG CDGADGAGGCOGAAAGGCCGAA AGGCACA 

1423 ADCAAAA COGADGAGGCCGAAAGGOCGAA AAGSCAC 

1425 DAADCAA CDGADGAGGCOGAAAGGCCGAA AGAAGGC 

1426 ADAADCA CDGADGAGGCOGAAAGGCCGAA AAGAAGG 

1427 CADAADC CDGADGAGGOCGAAAGGCOGAA AAAGAAG 

1431 AAAACAD OTGAD3AGGCCGAAAGGCCGAA ADCAAAA 

1432 AAAAACA COGADGAGGCOGAAAGGCOGAA AADCAAA 

1436 DDDAAAA CDGADGAGGCCGAAAGGCCGAA ACADAAO 

1437 DDDUAAA OT3ADGAGGCOGAAAGGCCGAA AACADAA 

1438 AUUUUAA CDGADGAGGOCGAAAGGCOGAA AAACADA 

1439 UAUUUUA CDGADGAGGCCGAAAGGCCGAA AAAACAD 

1440 ADAUUUU CDGADGAGGCCGAAAGGCCGAA AAAAACA 

1441 AADADDU OX2ADGAGGCOGAAAGGCCGAA AAAAAAC 
1446 CAGADAA CDGADGAGGCOGAAAGGCCGAA ADUDOAA 

1448 ADCAGAD COGADGAGGCOGAAAGGCOGAA ABADOOU 

1449 AADCAGA CDGADGAGGCOGAAAGGCCGAA AADADDU 
1451 DUAADCA CDGADGAGGCOGAAAGGCCGAA ADAAUAD 

1456 ACAACDU CDGADGAGGCCGAAAGGCCGAA ADCAGAD 

1457 GACAACU OJGADGAGGCCGAAAGC-CCGAA AADCAGA 
1461 UOOAGAC CDGADGAGGCCGAAAGGCCGAA ACDDAAD 
1464 UUGDDUA CDGADGAGGOCGAAAGGCOGAA ACAACDU 
1466 CADUGDU CDGADGAGGCCGAAAGGCCGAA AGACAAC 
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1479 GOCACCA CUGADGAGGCCGAAAGGCCGAA ADCAGCA 

1480 G3UCAOC COGADGAGGOOGAAACGCOGAA AADCAGC 
1494 AADGAGO COGADGAGGCCGAAAGGaOGAA ACAGUUG 
1498 CAGCAAD CDGADGAGGCCGAAAGSCOQAA AGOGACA 
1501 CCOCAGC OT3AIXSAGGCCGAAAGGCCGAA. ADGAGUG 
1512 GGGAGCA COSMXaGGCCGAAAGGCCGAA AGGCCCC 
1517 CCCOGGG CXKSATOAGGCCGAAAGGCC^ AGCftGAG 
1S28 CAGACAC CDGADGAGGCCGAAAGGCCGAA ACDDCCO 
1533 GADUACA OXLVCX^GGCCGAAAGGCOGAA ACACAAC 
1537 GGCOGATJ OXSArXiAGG2CGAAAGGa3GAA ACAGACA 
1540 GUAGGCC CDGADGAGGCO^AAAGGCOGAA ADUACAG 
1546 UGAADAG OX3U3SAGGCOGAAAGGCCGAA AGGCCGA 
1549 CACOGAA CtX3AIX2AGGCCXJAAAGGCOGAA AGOAGGC 

1551 GCCACOG CCGADGAGGCaSAAAGGCCGAA AUAGOAG 

1552 CGCCACU CXX5AIX3AGGCCGAAAGGCCGAA AAHAGOA 
1566 CAACCU0 COGADGAGOXX3AAAGGOCGAA ADODCOC 
1572 CCOAAGC CDGAIX3AGGCCGAAAGGCOGAA ACCUDUA 

1576 COOOCCa CXJGAIX3AGGCXD3AAAGGOCGAA AGCAACC 

1577 UCOUOCC CK31D3AGGCCGAAAGGC0GAA AAGCAAC 
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Table 25: Mouse TNF-a HH Target Sequences 



nt . HH Target Sequence nt . HH Target Sequence 

Position Position 



66 


OgGAAAU a GcucCcA 


324 


GgGtXJAU 


C 


GGuCCCC 


101 


GGCAGGO U CUgCcCC 


347 


GAGAagU 


U 


cCCAaaU 


101 


GGCAGgUu CuGOccC 


364 


CCOCcOT 


c 


DcAOCAG 


102 


GCAGGOU C DgUcCCQ 


365 . 


CCcCOCU 


c 


ADCAGuu 


102 


gCAGgUU c ugOOCCO 


365 


UcCCDCO 


c 


auCAGua 


106 


GODCDgU c CCOuDCA 


369 


COCDcAD 


c 


AGuuCOa 


no 


DgUcCCO U DCACucA 


376 


CAGUUCU 


a 


EGGCCCA 


111 


gOCcCOD u CaCOCAC 


390 


AgACCCU 


C 


AcaCOcA 


111 


guCCCuU u CACuCAc 


396 


ucaCAcU 


C 


AGADCAU 


112 


UcCCOoU C ACucACO 


401 


cDCAGAJJ 


c 


AOCO0C0 


116 


OuOCACD C AcUGgcc 


404 


AGADCAU 


c 


DOCTCaA 


137 


GCCaCAD C uCCcOCc 


406 


ADCADCO 


tJ 


COCaAAa 


139 


caCAuCa C CCCCcAg 


406 


ADcADcO 


0 


cOcaAAA 


177 


GCADGAD C CGcG&CG 


407 


OCADCOU 


c 


OCaAAau 


207 


AGGCaCO C CCCcAaA 


409 


ADCDOCU 


c 


aAAauuC 


228 


GGGGCuO C CAGAAC0 


409 


AuCuuCU 


c 


AaAAUOC 


22B 


GGGGCuO c CAGaacD 


409 


aOcOUcU 


c 


AAAauOc 


236 


CAGaaCU C CAGGOGG 


432 


AGCCDGU 


A 


GCCCAcG 


236 


CAGaACU c cAGgcGg 










249 


GGugCCU a UgOCUcA 










249 


GGuGCCU a OGucOCa 


444 


AcGOcGO 


A 


GCAAACC 






501 


AcGCCCU 


C 


CUGGCCA 


261 


UCAGOGJ C UOCOCaO 


560 


gGgUOGO 


a 


OCOuguC 


261 


UCAgCCa C DDCDcau 


560 


GGguOGU 


A 


OCOugtx: 


263 


AGCCXJCU U CUCatfUC 


S64 


DGOACCO 


u 


gOCUACD 


263 


AjgOCOCU U CUcauDC 


567 


ACCOugO 


C 


UACUCCC 


264 


GCCDCDD C DCaDOCC 


569 


CDugOCU 


A 


COCCCAG 


264 


gCCOCCU C UcauDCc 


572 


gtKZOACtJ 


C 


CCAGGCfu 


266 


COCUUCU C atJUXOG 


572 


GOCOaCO 


c 


OCAGguu 


269 


tJOCOCaU a CCtKScOu 


572 


GuCDacU 


C 


CCAgGOu 


270 


OCOCaOU C COScOuG 


579 


CCCAGGU 


u 


CUCUOCA 


276 


UCCUGcU u GUGGCAG 


580 


CCAGguU 


c 


uCOUcAa 


297 


CCACGCO C UUCDGuC 


580 


CCaGGuU 


c 


IXXiUcaa 


299 


ACGCUCO 0 CUGuCUa 


582 


AGGUUUJ 


C 


UUCaagg 


300 


OGCDCDU C DGuCUaC 


582 


AGGOuCU 


C 


UUCAAGG 


304 


CDuCOgO c uAcOGaa 


584 


GOuCUCU 


0 


CAAGGGa 


306 


CctK2JcU a cDgAAcU 


585 


UuCOCOU 


c 


AAGGGaC 


314' 


COGaACU O cGGgGUG 


608 


CcCGaCU 


a 


CgugCUC 


315 


UGaAOJO c GGgGOGA 


615 


aCgOGcU 


C 


CDCAcCC 


315 


uGaaCUO c GGGguGa 


615 


AcGOGCO 


c 


cucaccc 


324 


gGGDGaU c GgUCCcC 


618 


CK3CUCCU 


c 


ACCCACA 
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630 




940 


GuCUACU 


c 


cUCAGaG 


630 


ACACCgU C AgCCgaU 


943 


UACUccU 


C 


AGaGcCc 


638 


agcCgAU u uGCUa.Dc 


972 


DCUaaCU 


u 


AgAAAGg 


643 


aOOOGcU a uCOcAiiA 


972 


ucOaaCU 


u 


AGAaAgG 


645 


DuGCuaU C UCaUACC 


973 


CDaACuU 


A 


GAAAggG 


647 


GCuaOCU C aTJACCAG 


984 


AGgGgAU 


o 


auGGcuc 


663 


aaAAaGU C AACCOCC 


' 984 


AGGGgatJ 


u 


aOGgCUc 


669 


OCAACCU C COCUCCG 


98S 


GGGGauU 


a 


uGGcDCa 


669 


UcAAccU c cOcCCUG 


997 


UcAGAgU 


Q 


PTVJVnim l 


672 


armnrTT c tJCOGCCa 


1010 


Piirn*<lpn 






Q /4 




1017 




n 


uc n .at_AA 


CQ1 




1018 




rr 
U 


cjvat_jyu^ 


CC1 

ooX 


PTTyPnfT P fi.Af5A/VP 


1019 


vsAgv_UUU 


C 


AaCAACu 


coi 
bol 




* ATI 






UCAOgCA 


734 






AAGgAcU 


C 


AAAugGG 


734 




1 1 fl£ 


aCGGGcO 


u 


UCCGAAIJ 


/ *tt% 




1107 




u 


ccGAAUu 
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D 
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Table 26: Mouse TNF-oc Hammerhead Ribozyme Sequences 



nt. Mouse HH Rifcozyme . Sequence 

Position 

25 UCCOGGC CDGADGAGGCCGAAAGGCCGAA AGDCCCU 

66 CGGGAGC CDGADGAGGCCGAAAGGCCGAA ADUUCCA 

101 GGGACAG COGADGAGGCX22AAJ\GGCCGAA ACCoGCC 

101 GGGACAG CDGADGAGGCCGAAAGGCCGAA ACCOGCC 
1C2 AGGGACA CDGADGAGGCCGAAAGGCCGAA AACCOGC 

102 AGGGACA CDGADGAjSGCCGAAAGGOCGAA AACCOGC 
106 UGAAAGG CDGADGAGGCCGAAAGGCCGAA ACAGAAC 

110 UGAGOGA CDGADGAGGCCGAAAGGCCGAA AGGGACA 

111 GOGAGOG CTOAOGAGGCCGAAAGGCCGAA AAGGGAC 
Hi GOGAGOG CDGADGAGGCXX=AAAGGCCGAA AAGGGAC 

112 AGOGAG0 COGADGAGGCOGAAAGGCCGAA AAAGGGA 
115 GGCCAGU CDGATCAGGCCGAAAGGCOGAA AGOGAAA 
137 GGAGGGA OTGADSAGGOXAAAGGCCGAA ADGOGGC 
135 COGGAGG CDGADGAGGCCGAAAGGCCGAA AGADGCG 
177 CGDCGCG CDGADGAGGCCGAAAGGCCGAA ADCADGC 
207 O ODGGGG COGADGAGGCCT^AAGGCCGAA AGUGCCD 
228 AGDOCDG CDGADGAGGCCGAAAGGCCGAA AAGCCCC 
228 AGUOCOG CDGADGAGGCCGAAAGGCCGAA AAGCCCC 
236 CCGCCDG CDGADGAGGCCGAAAGGCCGAA AGOUCUG 
236 COGCCDG CDGADGAGGCCGAAAGGCCGAA AGCOCOG 
249 DGAGACA CDGADGAGGCOSAAAGGCCGAA AGGCACC 
2« DGAGACA CCGADGAGGCCGAAAGGCCGAA AGGCACC 

261 AOGAGAA CDGADGAGGCCGAAAGGCCGAA AGGCOGA 

261 ADGAGAA CDGADGAGGCCGAAAGGCCGAA AGGCOGA 

253 GAAOGAG CDGADGAGGCCGAAAGGCCGAA AGAGGCU 

263 GAADGAG CDGADGAGGCCGAAAGGCCGAA AGAGGCU 

264 GGAADGA CDGADGAGGCCGAAAGGCCGAA AAGAGGC 
264 GGAADGA CDGADGAGGCCGAAAGGCCGAA AAGAGGC 
26c CAGGAA0 CDGAD3AGGCCGAAAGGCCGAA AGAAGAG 

269 AAGCAGG OX3ADGAGGCCGAAAGGCCGAA ADGAGAA 

270 CAAGCAG CDGADGAGGCCGAAAGGCCGAA AACGAGA 
276 CDGCCAC CDGADGAGGCCGAAAGGCCGAA AGCAGGA 
297 GACAGAA CDGADGAGGCCGAAAGGCCGAA AGCGOGG 

299 UAGACAG CDGADGAGGCX3GAAAGGCCGAA AGAGCGU 

300 GDAGACA CTBSADGAGGCCGAAAGGCCGAA AAGAGCG 
304 UOCAGDA CDGADGAGGCCGAAAGGCCGAA ACAGAAG 
306 AGUDCAG CDGADGAGGCCGAAAGGCCGAA AGACAGA 

314 CACCCCG CDGADGAGGCCGAAAGGCCGAA AGDOCAG 

315 DCACCCC OT3ADGAGGCCGAAAGGCCGAA AAGDUCA 
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315 OCACCCC OJGADGAGGCOSttAGGCOGAA AAGOOCA 

324 GG3GACC CTGADGAGGCCGAAAGGCCGAA ADCACCC 

324 GGGGACC COGATO^OSCCXSUUUSSCCGA ADCAOCC 

347 ADUOGGG CDGADCMGCCGAAAGGCCGAA ACOOCDC 

364 CCGADGA CDGADGAGGCCGAAAGGCCGAA AGQGAGG 

366 AACDGAD CDGADGAGGCCGAAAGGCC GA A AGAGGGA 

366 AACOGAD COSAIX3V3aXGAAAG3CaSUV AGAGGGA 

369 UAGAACO OKADGClGGCXXSttAGGCrGAA ADGAGAG 

376 UGGGCCA CDGADGAGGCCGAAAGGCCGAA. AGAACCG 

390 OGAGOGU CXX^DGAGGCOGAAAGGCCGAA AG35CCD 

396 ADGADCO CCGADGAGGOQGAAAGGCOGAA AGCGOGA 

401 AGAAGAD O23ADGAGGCCGAAJU3GC0GAA ADCCGAG 

404 UOGAGAA OX2ADGAGGCOGAAAGGCCSAA ADGADCO 

406 OOOOGAG CUGADGAGGOCGAAAG3CCGAA AGADGAU 

406 UCOOGAG CDGADGAGGCCGAAAGGCCGAA AGADGAD 

407 AUUUUGA (CDGADGAGGCCGAAAGGCCGAA AAGADGA 
409 GAADOUU CDGADGAGGCCGAAAGGCCGAA AGAAGAU 
409 GAADUUU COG3UDGAGGCCGAAAG3C03AA AGAAGAU 
409 GAADUUU CDGADGAGGCCGAAAGGCCGAA AGAAGAD 
432 CGOGGGC CDGADGAGGCCGAAAGGCCGAA ACAG3CU 

444 GGUUOGC CDGADGAGGCCGAAAGGCCGAA ACGACSU 

501 OGGCCAG CDGADGAGGCCGAAAGGCCGAA AS3G0G0 

560 GACAAGG CDGADGAGGCCGAAAGGCCGAA ACAACCC 

560 GACAAGG CCGADGAGCCCGAAAG3CCGAA ACAACCC 

564 AGUAGAC CDCLUKAGGCCGAAAGGCCGAA AGGUACA 

567 GGGAGOA QJGADGAGGCOSAAAGGCCGAA ACAAGGU 

569 COGGGAG CDGADGAGGCCGAAAGGCCGAA AGACAAG 

572 AACCOGG CGGADGAGGCCGAAAGGCCGAA AGOAGAC 

572 AACCOGG OXMGAGGCCGAAAGGCCGAA AGOAGAC 

572 AACCOGG CDGADGAGGCCGAAAGGCCGAA AGOAGAC 

579 UGAAGAG CDGADGAGGCCGAAAGGCCGAA ACCDGGG 
530 UOGAAGA CUGADGAGGCCGAAAGGCCGAA AACCOGG 

580 UOGAAGA CDGADGAGGCCGAAAGGCCGAA AACCOGG 
532 CCOOGAA CEGADGAGGOCGAAAGGCCGAA AGAACCO 
582 CCOOGAA CDGADGAGGCCGAAAGGCCGAA AGAACCO 

534 OCCCOOG CDGADGAGGCCGAAAGGCCGAA AGAGAAC 

535 GOCCCOO CDGADGAGGCCGAAAGGCCGAA AAGAGAA 
608 GAGCACG COGADGAGGCCGAAAGGCCGAA AGOOGGG 
615 GGGOGAG CDGADGAGGCCGAAAGGCCGAA AGCACGO 
615 GGGOGAG CDGADGAGGCCGAAAGGCCGAA AGCACGO 
618 OGOGGGO CDGADGAGGCCGAAAGGCCGAA AGGAGCA 
630 ADCGGCD CDGADGAGGCCXSAAAGGCCGAA ACGGOGO 
630 ADCGGCD CDGADGAGGCCGAAAGGCCGAA ACGGOGO 
638 GADAGCA CDGADGAGGCCGAAAGGCCGAA ADCGGCD. 
643 UADGAGA CDGADGAGGCCGAAAGGCCGAA AGCAAAo' 
645 GGOADGA CDGADGAGGCCGAAAGGCCGAA ADAGCAA 
647 CUGGUAD CDGADGAGGCCGAAAGGCCGAA AGADAGC 
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663 GGAGGUD ClXStfX^AGGCCGAAAGGCOGAA AOAJUAJ 

669 CAGAGAG CTCAIK^AGGCCGAAAGGCCGAA AGGUCGA 

66? CAGAGAG CUGADGAGGCCGAAAGGCCGAA AGCCGGA 

672 CGGCAGA CDGADGAGGO0GAAAGGO0GAA AGGAGGU 

674 GACGGCA OX3UDGAGGCCGAAAGGCOGAA AGAGGAG 

. 681 GGCUCUU OXaiDGAGGCaSUUGGCOC^ ACGGCAG 

661 GGCUCUU CDGADGAGGCCGAAAGGOOGAA ACGGCAG 

681 GGCUCUU CUGADGAGGCCGAAAGGCCGAA ACGGCAG 

734 GGGCOCA CDGAIXiAGGCCGAAAGGCCGAA ACCAGGG 

734 GGGCOCA CUGADGAGGCCGAAAGGCC GA A ACCAGGG 

744 CCAGGUA CTX5AJ33AGGCCGAAAGGCCGAA ADGGGCU 

746 UCCCAGG COGACXIAGGCCGAAAGGCCGAA ADADGGG 

753 GCDGGAA CUGADGAGGCCGAAAGC^CGAA ACUCC3C 

759 GCDGGAA CUGADGAGGCCGAAAGGCCGAA ACCCCTC 

761 CAGCDGG CXJ3ATOAGGCCGAAAGGCCGAA AGACGCC 

762 CCAGCOG CUGAUGAGGCCGAAAGGCCGAA AAGACCC 
786 CAGCGCO CDGAIXIAGGCCGAAAGGCCGAA AGUCGGU 
798 GCAGADU COGADGAGGCCGAAAGGCCGAA ACCDCAG 
802 UUGGGCA COGADGAGGCCGAAAGGCCGAA ADUGACC 
812 GOCDAAG COGAtEAGGCOSAAAGGCCGAA ACUCGGG 
816 CAAAGUC CUGADGAGGCCGAAAGGCCGAA AAGUACU 

821 CUCCGCA COGADGAGGCCGAAAGGCCGAA A GUCUA A 

822 ACUCCGC COGAIX^OTCCGAAAGGCCGAA AAGUCUA 
830 C0GCCCG CUGADGAGGCCGAAAGGOTGAA ACUOCGC 
840 CAAAGUA CDGADGAGGCO2AAAGGC0GAA ACCUGCC 
842 UCCAAAG COGADGAGGCCGAAAGGCCGAA AGACCCG 
842 UCCAAAG COGADGAGGCCGAAAGGCCGAA AGACCCG 
842 UCCAAAG CUGADGAGGCOGAAAGGCCGAA AGACCCG 

845 GACUCCA CUGADGAGG<XGAAAGGCCGAA AGUAGAC 

846 UGACUCC C0GADGAGGCOSUUGGCCGAA AAGUAGA 
852 GAGCAA0 CDGADGAGGCCGAAAGGCCGAA A lUULA A 
8S5 ACAGAGC CDGAD3AGGCCGAAAGGCCGAA ADGACCC 
887 GGGUAGA CUGADGAGGCCGAAAGGCCGAA AADGGAD 
891 GGCUGG3 03GAD2AGGCCGAAAGGOCGAA AGAGAAU 
905 GGGGUCA CUGADGAGGCCGAAAGCQ3GAA AGUGGGG 
905 GGGGUCA CUGAIXJAGGCCGAAAGGCCGAA AGUGGGG 
905 GGGGUCA CUGADGAGGCCGAAAGGCCGAA AGUGGGG 

914 CAGAGUA CUGADGAGGCCGAAAGGCCGAA AGGGGUC 

915 UCAGAGU COGADGAGGCCGAAAGGCCGAA AAGGGGU 
919 GGGGUCA OTSADSAGGCaSAAAGGCOGAA AGUAAAG 
928 GACAADA axaDSAGGCOSAAAGGCCGAA AGGGGCC 
928 GACAADA CUGADGAGGCCGAAAGGCCGAA AGGGGCC 
932 AGUAGAC CUGADGAGGCXDGAAAGGOOGAA ADAAAGG 
940 CUCUGAG CUGADGAGGCCGAAAGGCCGAA AGUAGAC 
943 GGGCUCU COGADGAGGCCGAAAGGCCGAA AGGAGUA 
972 CCUUUCU OX3ADGAGGCCGAAAGGCCGAA AGUUAGA 

972 CCUUUCU CUGADGAGGCCGAAAGGCCGAA AGUUAGA 

973 CCCUUUC CUGADGAGGCCGAAAGGCCGAA AAGUUAG 
* 984 GAGCCAU CUGADGAGGCCGAAAGGCCGAA ADCCCCU 
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984 GAGCGRXJ OX3AIX2AGGCCGAAAGGCCGAA ADCOCOJ 

985 CGAGCCA OXStfCAGGCCGAAAGGCCGAA AADCCCC 
997 AGAGOOG CI7SMX3VGGCCG^AAQ3COGAA ACOCCGA 

1010 macaco cxjgadsaggccgaaaggccgaa agcacag 

1017 UOGOOGA COGA03AJQGCCGAAAGGCOGAA AGCDCOG 

1018 GGDGOCG COGADGAGGCCGAAAGGCCGAA AAGCUCO 

1019 AGUOGDU COGAIKAGC»XGAAAGGCaGAA AAAGCDC 
1073 OGCADGA. CDSADGAGGOOGAAAGGOCGAA. AGGCCCA 
1096 CCCADUU COGADGAGGCCGAAAGGCCGAA. AGOCCUU 

1106 AD0CGGA CDGADGAGGCCGAAAGGC33AA AGCCCA0 

1107 AADUCGG C0GATOAGGCCGAAAGGCCX3AA AAGCCCA 
U08 GAAOUCG AAAGCCC 
1X15 OXXAG0 COGMX2AGGOCGAAAGGGCGAA AADCCSG 
1133 AGGAATO OX1AD3AGCXXXSAAACGCOGAA ACADOCG 
1164 GCAACCU ACCACPC 
1180 UCADOCU C03A03AGGCCGAAAGGCCGAA. AGACAGA 
1203 AAGGCOX CTCATCAGGCCGAAAGGCCGAA AGADOTJ 

1210 AGGOACG CtX3tf3GAGGOCGAAAGGOOGAA. AGGOCDG 

1211 AAGGOAG CraATCAGGODSAAAGSCOGAA. AAGSCOJ 
1214 COG&AGG CCXSArxaGGCCXaUUVfiSOaSU AGGAAGG 
1218 AGGUCDG CDGAD33VGGCCGAAAGGCOGAA AGGOAGG 
1218 AG3DCOS CO3AO3AG3C30GAAAGSCCGAA AGGOAGG 
1218 AGGOOOG CPSAD3AGGOCGAAAGGCCGAA AGGOAGG 

1218 AGGOCOC CTCAIXMGCCXSAAAG300GAA. AGGOAGG 

1219 AAG30CO CCXSADSAGGOCGAAAGGOOGAA. AAGGOAG 
1219 AAGGOCO aXJAECAGGCC3SAAAGGCa3AA AAGGOAG 
1226 GUCUGGA aXSATCAGGCOGAAAGGCCGAA AG30CGG 

1226 GOCTOGA. CDGADGAOTXGAAAGSCCGAA AGGOCCG 

1227 AGOCOGG CIX2A03AGGCCGAAAGGCOGAA. AAGGUCU 

1227 AGOCPGC QJGA0GAGGGCGAAAGGCCGAA AAGGOCCJ 

1228 GAGOCUS CD3AO3AGGC0GAAAGGCCGAA. AAAGGUC 
1238 COJCAGG CtX33U33AOGOOGAAAGGOCGAA AAGAGUC 
1262 CTCOGAG COSUXSUGXXXiaAAGGOCGAA AAGGCOG 
1283 ADAAAJDA COSAOGAGGCCGAAAGGCCGAA AGGGGG G 
1283 AUAAAHA CDGADGAGGCCGAAAGGCCGAA AG3GGGG 
1285 AUAHAAA CtX2AD2AGGCOGAAAGGOCGAA. AGAGGGG 

1287 AAAUADA. COGAX33AGGOOGAAAGGCCGAA, ADAGAGG 
22 87 AAAUAOA OXSAIX3AGGCCGAAAGGCCGAA AOAGAGG 

1288 CAAAEAU aX3VIX3AGGCCGAAAGGCX3SAA AADAGAG 

1289 GCAAADA OX3lIXaGGCaaUUWGaX3AA AAADAGA 
1293 AAGOGCA C03AD3AGGCa3Utt«XCGAA AEADAAA 

1293 AAGUGCA CDGAIKAGGCaaUUUXXX3GAA ADABAAA 

1294 UAAGOGC CDGADGAGGC0GAAAG3C0GAA AADM2AA 
1300 AAADAAU OX^IXIAGGCCC^AAGGCCGAA AGOGCAA . 

1303 AADAAAO COGAIXiAGGCCGAAAGGCCGAA A0AAG0G 

1304 UAADAAA CUGA02AGGOOGAAAGGCCGAA AADAAGO. 

1306 AADAADA aXATOAGGCCGAAAGGCCGAA ADAADAA 

1307 AAAnAAU OXSADSAGGOCGAAAGGCOGAA AADAADA 
1307 AAAUAAU OK3AIX3AGGCCGAAAGGCCGAA AAOAADA 
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1308 DAAADAA CDGADGAGGCCGAAAGGCCGAA AAADAAD 

1310 AADAAAD COGAIKAGGCCGAAAGGCOGAA ADAAADA 

1310 AADAAAD CDGADGAGGCCGAAAGGCCGAA ADAAADA 

1310 AAUAAAD CDGADGACGCO^VAAGGCCGAA AOAAADA 

1311 AAADAAA CDGAOSAGGOC3GAAAGC50CGAA AADAAAD 
1311 AAADAAA CDGADGAGGCCGAAAGGCCGAA AAGAAA0 
1311 AAAUAAA aX3ADGAGGCO»AAGGCCGAA AADAAACT 
1313 ABAAADA CXX3ABGAGGCCGAAAGGCCGAA AOAADAA 
1313 AUAAADA CDGADGAGGCOSAAAGGCCGAA ADAADAA 

1313 AOAAADA OXSAOGAGGCCGAAAGGCCGAA AUAADAA 
U14 AAHAAA0 CTGACGACGCCGAAAGGCCCAA AADAADA 

1314 AADAAAD' CDGADGAGGCCGAAAGGCCGAA AAuAADA 

1315 DAADAAA CDGADGAGGCCGAAAGGCCGAA AAADAAO 
1317 AADAADA CDGADGAGGCCGAAAGGCCGAA ADAAACA 
1313 AAADAAD COGAOSAGGCaSAAAOGCCGAA AADAAAD 

1319 ' GAAADAA OX»DGAGGCCGAAAGGCOGAA AAAUAAA 
1325 AAADAAA CDGADGAGGCCGAAAGGCCGAA AAADAAD 

1320 GCAAADA CUGAD3AGGCXX3AAGGCCGAA ADAAADA 

1329 AGCAAAD CDGADGAGGCCGAAAGGCCGAA AADAAAD 

1330 AAGCAAA CDGADGAGGCCGAAAGGCCGAA AAADAAA 

1332 ADAAGCA OJGADGAGGCCGAAAGGCCGAA ADAAADA 

1333 CADAAGC CIX^ADGAGGCCGAAAGGCCGAA AADAAAD 

1337 CAUOCAU CUGACGAGGCOGAAAGGGGGAA AGCAAAD 

1338 ACADOCA COGADGAGGCCGAAAGGCCGAA AAGCAAA 
1346 AAADAAA CDGADGAGQCCGAAAGGCCGAA ACADOCA 

1348 CCAAADA CDGADGAGGCCGAAAGGCCGAA ADACADD 

1349 DCCAAAD COGADGAGGCC GA AAGGCCGAA AADACAD 
1250 DDCCAAA OX3ADGAGGCCGAAAGGCCGAA AAADACA 
1352 CCDOCCA CDGADGAGGCCGAAAGGCCGAA ADAAADA 

1352 CCDUCCA CDGADGAGGCCGAAAGGCCGAA AUAAADA 

1353 GCCOUCC CDGADGAGGCCGAAAGGCCGAA AADAAAD 
1369 CCDOCAG OX3013AGGCaSlAAGGCCGAA ACACCCC 

J 1398 CCGDCDG OX2AOGAGGCCGAAAGGCCGAA AGACAGC 

1396 COCOCDG OX3ADGAGGCOGAAAGGCOGAA AGACAGC 

1412 CACAGAA CDGADGAGGCCGAAAGGCQGAA ACADGOC 

1413 DCACAGA CDGADGAGGCCGAAAGGCCGAA AACADGU 

1414 DOCACAG CXCAEGAGGCCGAAAGGCCGAA AAACADG 

1415 UODCACA CDGADGAGGCCGAAAGGCCGAA AAAACA0 
1415 UDUCACA CDGADGAGGCCGAAAGGCCGAA AAAACAD 
1438 AGGGGGG CDGADGAGGCCGAAAGGCCGAA ACAGCDC 
1451 AGGDAGA CDGADGAGGOCGAAAGGCCGAA AGGCCAG 
1453 CAAGGDA CDGADGAGGCCGAAAGGCCGAA AGAGGCC 
1455 AACAAGG CDGADGAGGCCGAAAGGCCGAA AGAGAGG 
1462 AGGAGGC CDGADGAGGCCGAAAGGCCGAA ACAAGGU 
1470 AGCAAAA OXSUKAGGCa^UUUSGCOGAA AGGAGGC 

1472 DAAGCAA CDGADGAGGCCGAAAGGCOGAA AGAGGAG. 

1473 ADAAGCA CDGADGAGGCCGAAAGGCCGAA AAGAGGA 

1474 CADAAGC CDGADGAGGCCGAAAGGCCGAA AAAGAGG 
1473 DAAACAD CDGADGAGGOCGAAAGGCCGAA AGCAAAA 
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1479 XTJAAAOv CO SM XSSUSSOOGAAftGtSCOGAA AAGCAAA 

1479 UOAAACA COGADGAGGCCGAAAGGCCGAA AAGCAAA 

1484 UUUUUUU COGADGAGGCCGAAAGGCCGAA AACADAA 

1498 GOOAGA0 CIXIADGAGGCCGAAAGGCCGAA AAJDAOUU 

1511 UUAAGAC OXIADGAGGCCGAAAGGCCGAA ADOGGGU 

1514 UUAUUAA CUGADG^SGOCCAAAGGCCGAA ACAADOG 

1516 CGUUADO CDGA33GAGGCOGAAAGGOOGAA AGACAAD 

1529 GUCACCA aX5AD3AOGCCGAAAGOT33AA ADQM3CG 

1529 GOCACCA COGAUGAGGCCGAAAGGCC3GAA ADCAGCG 

1530 GOTCACC CXGAOaAGGCCSUUGC^CSAA AADCAGC 
1530 GGOCACC OX^DGAGGCCGAAAGGCCGAA AADCAGC 
1563 GGGAGCA OXSA33GAGGCCGAAAGGCCGAA ACGOOCA 
1563 GGGAGCA CCGATOAGSGOSAAAGGCCGAA AGGODCA 
1568 CCGGG3G OXaDCSAGGCOSlAAGSCCGAA AGCAGAG 
1589 GGGCAAD CT3GAOGAGGCCGAAAGGCCGAA ACAGOCA 
1592 GOAGGGC COGADGAGGCCGAAAGCXXGAA ADUACAG 
1617 CGADCOa CUGADGAGGCCGAAAG3CCGAA ADDDCOC 
1623 DDUAAGC COGAIX3AGGCCGAAAGGCX3GAA AUUJUUA 
1633 GSUUOUU COGADaAGGQOGAAAGGOOGAA AOUOUAA 
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Table 29: Human bcr/abl HH Target Sequence 



Sequence 
ID No. 



HH Target Se<jueace 



20 
21 
22 



23 DOC AAAAG333J U C 

24 UCAAAftGQC CUD 
S CAAAAG3CC OJC 
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Table 30: Human bcr-abl HH Ribozyme Sequences 



Sequence EH Ribozyme Sequence 

XD No. 

26 GGCOOCUOCCO OTS\IX3AGCXrGAAAGGCCGAA ADDGAOGGOCA 

27 AJCCJGGCCGCUG OXSAIXlAGGCCGAAAGGCCGaA AGGGCDOCODC 

28 UACQGGCCGCJ COGAJTCAGGCCEAJttGG^^ AACGGCUGCtHJ 

23 GAAGGGCDUUU CDSAZXAGSCCSIAAGGCCGAA AAOXJJU.UUA 

30 ACDGGCCGCDS aXSTOSSVGOXSAAAGOCasVA. AGGGCOUUOGA 

31 . UAjOX^CCGCa aXJADGaGGCCoAAAGGOTGAA AAGGGCUUUUG 
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Table 31: BSV (IB) HH Target Sequence 



at . HH Target Sequence 

Ponition 



10 


GGCAAA0 A AADCAAU 


14 
Ail 


AAIIAAAU C AADUCAG 


1 fl 


AAHCAAD O CAGCCAA 


1 Q 




54 




3/ 


lAiAUA/MJ A UALUtUi 


77 


fmnr^n r* amf72U**i 


94 


HZ^/V"**'! 1 TT fTT B*^\/'T tl 1 

AGAC-ULiU U uUUNUJU 


97 




1U1 




1 1 n 




1 1 1 




1 1 a 

lib 




122 


CAUCAl-U A ACCAuAG 


134 


UAGACAU C ALLAAL-AL. 


137 


ALAUwUJ A ACA£-At_A 


148 


CACAAAD D UauAuAC 


149 


ACAAAUU U AUAZJACu 


150 


CAAAUOU A UAHRCUU 


152 


AaUUUAU A UaC0CX>A 


154 


UUUAUaU a cuugaea. 


157 


AtTAnAca a gaiiaaad 


161 


acoogad a aadcadg 


155 


GAOAAAU C ADGAADG 


176 


AADGCMT A GOGAGAA 


18B 


GAAAACO U GADGAAA 


208 


GOCACAU U 0&CADOC 


209 


CCACAOU O ACAUOCC 


210 


cacaouo a cAtrocca 


214 


DUUACA0 0 CCUGGOC 


215 


UOACaDU c OJGGUCA 


221 


DCCDGGU C AaCOADG 


226 


GOCAACa A DGAAADG 


239 


D3AAACO A UOACACA 


241 


AAACUAU 0 ACACaAA 


242 


AACUaUU A CACAAAG 


251 


ACAAAGU A GGAAGCA 


261 


AAGCACO A AAUADAA 


265 


acoaaau A UAAAAAA 


267 


aAAADAD A AAAAAOA 


274 


AAAAAAD A UACUGAA 



nt. 


HH Target Se queue 


Position 




276 


~vArtUi\U A kA/^AAUA 


XO J 


AL-ULxAAJU A CAACACA 




ACAAAAU A UGGCACU 


JUJ 




304 


O CCCOADG 


305 


GCACUUU C CCCADGC 


309 


UUUCCCU A OGCCAAU 


317 


CGCCAA0 A OOCADCA 


319 


CCAADA0 U CADCAAU 


320 


CAAOAUO C AUCAAOC 


323 


UADDCA0 C AADCADG 


327 


CAECaAU C ADGAUGG 


337 


GAEGSGU a CUUAGAA 


338 


AJDGC3GO0 C UUAGAAU 


340 


GGGOCCU 0 AGAAUGC 


341 


GGDCCUU A GAAUGCA 


350 


AAJCGCA0 0 GGCAUCA 


356 


OCGGCA0 D AAGCCTjA 


357 


UGGCAOU A AGOCUAC 


363 


tEUGCCO A CAAAGCA 


372 


AAAGCAD A COCCCAU 


375 


GCADAOJ C CCAOAAD 


380 


COCCCAD A ADAUACA 


383 


OCAUAAD A UACAAGU 


385 


AOAAaAO A CAACOAU 


391 


GACAAGa A DGAOCCC 


396 


GOACGAn C DCAADCC 


398 


ADGADCD C AADCCAU 


402 


OCOCAAD C CAUAAAU 


406 


AADCCAU A AADOUCA 


410 


CADAAAO U UCAACAC 


411 


AnAAAUU U OUVCACA 


412 


UAAADUU C AACACAA 


421 


ACACAA0 A UUCACAC 


423 


ACAAOAn U CACACAA 


424 


CAADAITU C ACACAA0 


432 


ACACAAU C UAAAACA 


434 


ACAADCa A AAACA?jC 


446 


AACAACa C OAUGCAO 


448 


CAACUCO A UGCADAA 


454 


UACGCAU A ACOAUAC 
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CAHAACU A UACDOCA. 

460 QAACOAU A COCCADA 

4 ^ CCADAOJ C CADAGOC 

467 ACUCCMJ A GDCCAGA 

470 CCAXJAGU C CAGADGG 

489 CGAAAAtJ 0 ADACUAA 

490 GAAAADD A UAGOAAU 
492 AAAUOAU A GOAADOCT 
495 OOAUAGa A ADOOAAA 
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Table 32: RSV (IB) HH Ribozyme Sequence 



at. 
Position 

10 
: 14 
18 
19 
54 
57 
77 
94 
97 
101 
110 
113 
118 
122 
134 
137 
148 
149 
150 
152 
154 
157 
161 
165 
176 
188 
208 
209 
210 
214 
215 
221 
226 
239 
241 
242 
251 
261 
265 
267 
274 
276 



EH Ribozyme Sequence 



ADOSADU CUGAIX^GGCOGAAAGGCCGAA AUUUGCC 
CTOAADU OCXSAIXyVGGCCGAAAGGCCGAA ADUUAIIU 
OOGGCGG C0GAO3AG300GAAAOGQCGAA. ADCGAUtJ 
GOOGGCU CXXSAIX5AGGCCGAAAGGCCGAA AADGGAU 
GGOGUAU OXaraUGGCCGAAAGGCCGAA ADCADOG 
OGDGGOT COSAIXSAGGaSGAAAGGCOGAA ACUADCA 
OGOCOGU aXSOJGAGGOCCAAAGGOOGAA ADCADCA 
AAGOGAC CttSUXSUGGCCGAAAGGCCGAA ACGGOCU 
COCAAGU COGAIXSAGGCCGAAAGGOOGAA ACAACGG 
PSSOCOC CEGADGAGGCOSAAAaXCGAA AGUGACA 
AUGOUAU CDGA03AGGCCGAAAGGCOSAA ADG30CU 
GOGADGU CCGA0GAGGCCGAAAG3CCGAA ADOADGG 
GGUUAGU CUGAIX^GCCGAAAGGCO^AA ADCUUAO 
COCOGGU CDGADGAGGCCGAAAGGCCGAA AGUGADG 
GUGOOAU COGADGAGGCCGAAAGGCCGAA ABGOCOC 
UGOGOGO aXSOX»03COGAAAGGCCGAA ADGADGU 
GOMEVDA COGAIXS^GGOCGAAAGGCCGAA ADUOGOG 
AGdAnAU COC2UX1AGGCCGAAAGCCCGAA AADUOGO 
AAGQADA CIJ3ADGAGGCCGAAAGGCCGAA AAAOUUG 
UCAAGUA OX^UXSAGGCOIAAAGGCCGAA ADAAADU 
UADCAAG COGAOjftSGCCGAAAGGCCGAA AU7J3AAA 
AJUUOADC CUGADGAGGCCGAAAGGCCGAA AGUAOAD 
CADGADU OX2ADGAGGCCXiAAAGGCCGAA AUCAAGU 
CAOUCAU CUGATOAGGCCGAAAGGGCGAA ADDQAUC 
UOCOCAC OTGAtXSlGGCCGAAAGGCCGAA ADGCAUU 
OUOCADC COGATOAGGCOGAAACXXXXSlA AGUOUUC 
GAADGOA COGATOAGGCOSAAAGGCCGAA ADGOGGC 
QGAADGO aX3UX3AGCTOGAAASXa3AA AAOGOGG 
AGGAADG CUGAD3AGGCCGAAAGGCCGAA AAADGUG 
GACCAGG CUGAIJGAGGCCGAAAGGCCGAA ADGOAAA 
OGACCAG C0GWX3U3GCCGAAAGGCCGAA AADGOAA 
CADAGOU COGLAIXSAGCCCGAAAGGCCGAA AOCAGGA 
CAOOUCA ClA3\rX3AGGCCGAAAGGCCGAA AGUOGAC 
OGOGOAA CCX2ADGAGGCCGAAAGGCCGAA AGDUDCA 
ODOGOGO OX2AIX2AGGCCG3UIAGGCCGAA ADAGOUU 
COUOGOG CIXjADGAGGCCGAAAGGCCGAA AADAGDU 
OGCOUCC aX3WXaU3GCOGJVAAGGCCGAA ACOOOGO 
UUAUADU COGADGAGGCCCaUVAGGCCGAA AGOGCUU 
UUOUUUA CDGAIXSAGGCCGAAAGGCCGAA ADDUAGU 
UAUUUUU CraUXMGCCGAAAGGCCGAA ADADUUa' 
UUCAGOA CrXMXaGGOOGAAAGGCCGAA ADUUUUU 
OADOCAG COGAIJGAGGCCGAAAGGCCGAA ADAUUUU 
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233 UGOGOOG CtXytfX3U3GCCGAAAGGCCGAA ADOCAGC 

295 AGOGCCA COGAIXIAGGCCGAAAGGCCGAA. AUDUDGU 

303 A0AGGGA OXSUKAGGCJOGAAAGGCCGAA AGOGCCA 

304 CADAGGG OJGAUGA/3GCCGAAAGGCOGAA AAGCGGC 

305 GCAJOAGG COGAIX2AGGCCGAAAGGCCGAA AAAGDGC 
309 AJDUGGCA CUGAIXJAGGCCGAAAGGCCGAA AGGGAAA 
317 I3GADGAA aXSATOAGGCCGAAAGGCCGAA ADOGGCA 
3X9 AD0CATJ3 COGAIX2U33CCGAAAGGCCGAA AHAEOG3 
320 GADOGACT COGAJOGACGCCGAAAGGCCGAA AAOADCG 
323 CADGADO CDGADGAfiCXXGAAAGGCCGAA AJDGAACA 
327 CCADCAU CroATCAGGCCGAAAGGCCGAA ADCGADG 

337 ODTORAS CDGATOAGGCOGAAAGGOCGAA ACCCADC 

338 AULRJUAA COG^GAGGCCGAAAGGCCGAA AAjCCCAJT 

340 GCADOOJ CUGAJB3ACGCCGAAAGGCCGAA AGAACOC 

341 OGCADCC COGADGAGGCCGAAAGGCCGAA AAGAACC 
350 UAADGCC C0GA1XAGGCCGAAAGGCCGAA ADGCADU 

356 OAGGCOU COGAIX3U2GCCGAAAGGOCGAA ADGCCAA 

357 GQAjGGCD OTGAIX2AGGCCGAAAGGCCGAA AADGCCA 
363 TOCOOOG aXIADGAGGCaSVAAGGCCGAA AGGCODA 
372 ADGGGAG aX»IX3AGGCCGAAAGGCCCAA ADGCOOa 
375 ADOATOG OXSAEGAfiGCCGAAAGGOCGaA AGOADGC 
330 CGOAnAD aJGAOTAGGCOSUUGGCCGAA ADGGGAG 
383 ACUOGUA C3XIAUSAGGCCGAAAGGCCGAA ADGAJDGG 
385 ADACODG CXX3UDGAG000SAAAGG00GAA AflADOAD 
391 GAGADCA CXGAIX2AGGCCGAAAGGCOGAA A OAJJUA 
396 GGADOGA OJSAIX2AGGCCGAAACGCCGAA ADCAIIAC 
398 AD3GADD CXX3AIX3U3GCCGAAAGGCOGAA AGADCA0 
402 AJOOnAUG CDGAIXaGGOCGAAAGGCCGAA ADUGAGA 
406 OGAAAUU CXJGAIXSAGGCCGAAAGGaXAA ADGGAUU 
410 GTCOUGA COGADGAGGOCGAJLAGGCCGAA ADOOADG 
4U DGOGOGG CUGATOAGGCCGAAAGGCCGAA AAJOOOA0 
412 CTOAD3AGGOCGAAAGGOC3GAA. AAADOOA 
.421 GDGCGAA CDGAIX3Ai3GCCGAAAGGCCGAA ADOGOQJ 

423 UUAXJJG CQGAXCACGCCGAAAGGCCGAA AHADOGO 

424 AOOGOGO CDGAIXIAGGCCGAAAGGCCGAA AAHAD0G 
432 UUJUUUA COGAIXaGGCOGAAAGGCOGAA AXT0GOGU 
434 GOT30UO COGATOAOGCCGAAAGGCOGAA AGAOOG0 
446 AJDGCADA CUGAJTCACGCCGAAAGGCCGAA AGOOGUtf 
448 UOAIJ3CA COGAXK3AGGCCGAAAGGCCGAA AGAGOCG 
454 GQAjQAGU aXSATOAGGCCGAAAGGCCGAA ADGCADA 
453 OGGAGOA COSAJ33AGGCCGAAAGGCCGAA AGOQADG 
460 OADGGAG CtXIATOAGGCCGAAAGGCCGAA ADAGGUA 
463 GACUADG OX2AIXSAGGCCGAAAGGCOGAA AGGAOAG 
467 OCOSGAC CIX5AIX2AGGCCGAAAGGCCGAA ADGGAGU 
470 CCADCOS CUGJVIX3AGGCCGAAAGGCCGAA ACQADGG 

489 OUACOAU CaGAJTOAGGODGAAAGGCCGAA AD000CA 

490 ADUACUA CTOAOGAGGCOGAAAGGCCGAA AADOOOC ' 
492 AAAITOC COGAIX3U3GCCGAAAGGCOGAA AUAADUG 
495 UUnAAAtJ CDGAJDGAGGCCGAAAGGCCGAA ACOADAA 
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Table 33 : RSV (1C) EH target Sequence 



at . Targat Saquexxce 

Position 



10 


GGCAAAD 


A AGAADUU 


16 


OAAGAAD 


Q UGAJQAAG 


17 


AAGAADU 


0 GAUAAGU 


21 


AOOOGAD 


A AGUACCA 


25 


GAXIAAGU 


A CCACDUA 


31 


tIACCACO 


U AAADDQA 


32 


ACCACUU 


A AAUOQAA 


36 


COOAAAU 


U UAACOCC 


37 


UCAAAOU 


U AACOCOC 


38. 


tJAAADUU 


A Acuocca 


42 


UuUAACU 


c 


ccutxjyj 


46 


ACUCCOJ 


a GGUUAGA 


50 


CCUUUAJ 


U 


AGAGADG 


51 


euuuuuu 


A 


GAGADGG 


67 


CAGCAAO 


a CAUOGAG 


68 


AGCAAOU 


C ADDGAGU 


71 


AAUOCAO 


U 


GAGOAOG 


76 


AUOGACO 


A UGAHAAA 


81 


GHAUGAD 


A AAAGUUA 


87 


OAAAAGU 


U AGADUAC 


8a 


AAAACUU 


A 


GADUACA 


92 


GOOAGAD 


U 


ACAAAAD 


93 


UUAGADU 


A 


CAAAADU 


100 


ACAAAAD 


U 


UGUUUGA 


101 


CAAAADU 


a 


GOOOGAC 


104 


AAUUUAJ 


D 


UGACAAU 


105 


AUUUGUU 


u 


GACAADG 


120 


AUGAAGU 


A 


GCAUUGU 


125 


GOAGCAU 


U 


GUUAAAA 


128 


GCAITOGU 


a 


AAAAAUA 


129 


CADUGOU 


A 


AAAADAA 


135 


GAAAAAU 


A 


ACADGCO 


143 


ACAOGOJ 


A 


UACUGAD 


145 


AHGCUAU 


A 


COGAUAA 


151 


UACUGAU 


A 


AAUUAAU 


155 


GAUAAAU 


U 


AAUACAD 


156 


ADAAADD 


A 


AJDACAOU 


159 


AAUDAAU 


A 


CAUUUAA 


153 


AA0ACAU 


U 


UAACUAA 


164 


ADACAUU 


U 


AACUAAC 





ia4i y U L Q SwO 


Position 




163 


UACAODU A ACOAACG 


169 


UUUAACU A ACGCLUU 


175 


UAACGCU O UG^JAA 


176 


AACGCDU O GGCUAAG 


181 


UUUGGCU A AGGCAGa 


192 


CAGUGAU A CAJ3ACAA 


196 


GADACAD A CAADCAA 


201 


AOACAA0 C AAAUOGA 


206 


ADCAAACT O GAADGGC 


216 


ADGGCAU a GUGUUUG 


221 


AUDGCGO U DGCGCAa 


222 


wvwvwv w yvywVAf 


231 


OGCADGU O ADQACAA 


232 




234 


ADGUUAD D ACAAGUA 


235 


UGUUAUU A CAAGUAG 


241 


UACAAGU A GGGAHAU 


247 


UAGUGAU A UDOGCCC 


249 


GGGADAU U UGCCCUA 


250 


UGAUATJU U GCCCUAA 


256 


UUGUXU A AUAAUAA 


259 


CUCUAAU A AnAADAU 


262 


OAAHAAD A AOADOGU 


265 


UAAUAAD A DOGUAGU 


267 


AUAAUAU 0 GUAGUAA 


270 


ADADDGU A GUAAAAD 


273 


DUGOAGU A AAADCCA 


278 


GUAAAAU C CAADCDC 


283 


AUCCAAU D UCACAAC 


284 


. CCCAADU U CACAACA 


285 


CCAADUa C ACAACAA 


300 


CGCCAGU A CUACAAA 


303 


CAGOACU A CAAAADG 


316 


DSGAGGO U AUAUADG 


317 


GGAGGUU A UAUADGG 


319 


AGGUUAU A UADGGGA 


321 


GUUAI2AD A CGGGAAA 


338 


ADGGAAO U AACACAU 


339 


UGGAAUU A ACACAUU 


346 


AACACAC U GCUCUCA 
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350 


CAETOCa. C UCAACCa 


352 


UOGCUCU C AACCUAA 


358 


OCAACOJ A AOOGOCU 


364 


UAATCGU C QACOAGA 


366 


ADGGOCU A. CUAGABG 


369 


GOCOACU A GADGACA 


379 


UGACAAU U GOGAAAU 


387 


GOGAAATJ U AAADOOJ 


388 


DGAAADO A AADUCOC 


392 


ADOAAAU a C0CCAAA 


393 


GQAAABU C 0CCAAAA 


395 


AAADUCU C CAAAAAA 


405 


AAAAACO A AGDGAOQ 


412 


AAGCGAD U CAACAAD 


413 


AGOGAOO C AACAADG 


427 


GACCAAD U AIZAUGAA 


428 


ACCAADO A UAOGAA0 


430 


CAADOAU A DGAADCA 


436 


UADGAAU C AADQADC 


440 


AWXAAU O ADCDGAA 


441 


ADCAADU A OCDGAA0 


443 


CAACUAD C DGAAOOA 


449 


DCOGAAU 0 ACOUGGA 


450 


CCGAAUa A OOTQGA0 


453 


AADOACO U GOADUOG 


4S8 


CODGGAU U OGADCUU 


459 


UGGGADU U GADCDCA 


463 


AD0O3AD C UOAADCC 


465 


UOGADCO U AADCCA0 


466 


OSAtJCCIU A ADCCAHA 


469 


DCUUAAja C CADAAAU 


473 


AADCCUJ A AADUAUA 


477 


CADAAAU U ADAADUA 


478 


AUAAADU A UAADQAA 


480 


AAAUUAD A ADUAAUA 


483 


DUADAAD a AAUAOCA 


484 


UADAAUO A AHADCAA 


487 


AACOAAD A DCAACOA 


489 


UUAAUAU C AACCAOC 


494 


ADCAACa A GCAAAOC 


501 


AGCAAATJ C AAOGOCA 


507 


CCAADGO C ACQAACA 


511 


UGOCACO A ACAOCA0 


519 


ACAOCAD U AGOQAAU 


520 


CACCADO A GUUAADA 


523 


CAOOAGO D AAUADAA 


524 


ADOAGOO A ADAHAAA 
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Table 34: RSV (1C) HH Ribozyme Sequence 



nt . EH Ri_boxyma S*Quonce 

Pooition 

X0 AAAUUCU CC^U3AGGCOGAAAGGCCGAA ADUOGCC 

16 CUUADCA CTCATCAGGCCGAAAGGCCGAA AOGCOCA 

17 ACUDAUC G^SATXSAGGCCGAAAGGCCGAA AADOCOa 
21 CGGOACU OXStfX^GGCCGAAAGGCCGAA ACCAAAO 
25 UAAGGGG (XGAIX^ACGCOGAAAGSCCGAA ACOOADC 

31 . UAAADUtT CCGADG^GGCCGAAAGGCCGAA AGCGGOA 

32 OQAAADU CCGADG?J3GCCGAAAGGCCGAA AAGOGSO 

36 GGAGDUA C0GAIXIAGGO2GAAACGCCGAA AD0OAAG 

37 GGSACOa OJGADGAGGCCGAAAGGCX3SAA AADOUAA 

38 AGGGAGO CXJGAIXIAGGCCGAAAGGCCGAA AAAO0UA 
42 ACCAAGG COGADGAGGCOSAAAGGCarU AGDQAAA 
46 TJCUAACC COGADGAGGCCGAAAGGCCGAA AGGGAGU 

50 CADCDCU CDGATCAGGCCGAAAGGCCGAA ACCAAGG 

51 CCADCDC aJGAOSAGGCCGAAAGGCCEAA AACCAAG 

67 CCCAADG CUGAGGAGGCOGAAAGGCCGAA AUOGCGG 

68 ACDCAAO OX3ADGAGGCX32AAAGGCCGAA AADOGCU 
71 CAOACDC CXR3ADGAGGCCGAAAGGCCGAA ADGAAOU 
76 UUUADCA CDGAIXSU3GCCGAAAGGCOGAA. ACOCAAD 
81 UAACUUU CUGADSAGGCCGAAAGQICGAA ADCADAC 
37 GUAATCU COGA33GJW3GCCGAAAGGCCGAA ACUODUA 
88 CGOAAUC OJGADGAGGCCGAAAGGCCGAA AACOUUU 

92 AUUUUGU COGADGAGGCCGAAAGGCCGAA AOCQAAC 

93 AADOGUG COGADGAGGCCGAAAGGCCGAA AADCDAA 

100 UCAAACA COGADGAGGCCGAAAGGCCGAA A0DOOGO 

101 GUCAAAC COGADGAGGCCGAAAGGCCGAA AADUUOG 

104 AUOGOCA CDGAOGAGGCCGAAAGGCCGAA ACAAAOU 

105 CADUGUC CDGAtXSAGGCCGAAAGGCCGAA AACAAAU 
120 ACAADGC CtJGADGAGGCCGAAAGGCCGAA ACDOCAO 
225 CUODAAC OX2ADGAGGCCXSAAAGGCCGAA ADGCDAC 

128 UADUUUU CWSAIXSaGGCCGAAAGGCCGAA ACAADGC 

129 UUADOUU CIX2ADGAGGCCGAAAGGCCGAA AACAAOG 
135 AGCADGU OX3ADGAGGCCGAAAGGOOGAA ADOTOOA 
143 ADCAGUA CDGAOIAGGCOGAAAGGCCGAA AGCADGO 
145 UUADCAG CCP3A02AGGCCGAAAGGCCGAA ADAGCAD 
151 ADUAADU OX^ADGAGGCOSUUUKCCGAA ADCAGOA 

155 ADGUADO CDGADGAGGCCGAAAGGCCGAA ADUOADC 

156 AADGOAD CUGAOGAGGCCGAAAGGCCGAA AADOUAU 
159 UUAAADG CUGADGAGGCCGAAAGGCCGAA ADUAADU 

153 UUAGOUA CDGAEX3AGGOOGAAAGGCCGAA ADGUADU 

154 GUUAGDO CUGADGAGGCCGAAAGGCCGAA AADGOAD 

155 CGOUAGU CUGAOGAjGGCCGAAAGGCCGAA AAADGUA 



SUBSTITUTE SHEET (RULE 26) 



NUC 37876 



WO 95/23225 PCT/IB9SA>0l56 

272 

169 AAAGOGU CCKADGAGGCCGAAAGCCCGAA AGUOAAA 

175 UUAGCCA CIXJADGAGGCOjAAAGSCCXSAA AGCGUUA 

176 COTAGCC CDGAIX^GCOIAAAGGCCGAA AAGCGUU 
181 AOOGCCU aXOTGaGGCaSAAAGKXGAA AGOCAAA 
132 OOGOADG OKSUXSAGGCCGAAAGGCCGAA ADCACOG 
196 TJOGAUOG aXSUKAGGCOGAAAGCXTGAA ADGOADC 
201 OCAADOO C03ADGAGGCCGAAAGGCO2AA ADOGOAD 
206 GCCA0OC COGWJGAQGCCGAJttGGCCnAA ADOOGAU 
; 216 CAAACAC CTOADGAGGCCGAAAGGCCGAA ADGCCAD 

221 AXGCACA OX3UX3AGCXrGAAAGGCCGAA ACACAAU 

222 CADGCAC COGAOSAGQOaaUUlGGaDGAA AACACAA 

231 DDGOAAD aXlAIX^GGCCGAAAGGCCOAA ACAOCCA 

232 OJUGUAA aX3tfKSAfi3OSAAAGGC0GAA AACADGC 

234 UACDOOT OX3UX3VGCXCX3AAAGGCCGAA AQAACAD 

235 COACUUG CTCAIX*&GGCCG&AAGGCCGAA AADAACA 
241 ADAECAC CCGAIX2AG5CCGAAAGGCCGAA ACUCGUA 
247 GGGCAAA COGATOAGGCCGAAAGGCCGAA ACCAC3A 
245 UAGGGCA C0GAaSAGGC0SUUU3GO3GAA ADADCAC 
2S0 OOAGOGC COGAIX2A*Xra3AAAQGCCGAA AADADCA 
2S6 UUAUJAD aXSATOAGGCOGAAAaSCOGAA AGGGCAA 
259 AIIADUAU 0*3Att»GGa3GAAAaXrGAA ADOAGGG 
262 ACAADAD COC2UXSU3GCCGAAAGGCOSAA ADUADUA 
265 ACOACAA OXiAUSAGGCCGAAAGGCCGAA ADOADGA 
267 OaACOAC C0GAO33VGGCOGAAAGCXCGAA AJQADUAD 
270 AUUUUAC OJ5ADGAOC5CCGAAAGGCCGAA ACAAHAU 
273 03GADUU CCXSAIX3U3QCCGAAAG3CCGAA ACOACAA 
278 GAAA0OG OT3ADGAOGOOGAAAG3CCGAA ADOCOAC 

283 GOCGOGA C0GAD3AGGCCGAAAGGCCGAA AUO33A0 

284 O300GDC COGAJDGAGGCOGAAAGGOCGAA AAJDOGGA 

285 OUGUUGU C0GAIX3AGGCCGAAACGOCGAA AAADCGG 
300 UOOGUAG CUGAECAGGCCGAAAGGCCGAA ACOGGCA 
303 CADUOOG COSAOSAGGCCGAAAOGCCGAA AGUACCG 

316 CADADAD aXSAOGAGGCaSAAAGGCCGAA ACCOCCV 

317 CCADAOA OX3AIX3AGGCCGAAAi3GCOGAA AACCOCC 
319 UOOCAnA CCCAIX3AGGCOaUVAGGCCGAA AUAAOCQ 
321 UOOCCCA axyUX3AGGCCGAAAGGCCGAA AIIAQAAC 

338 ADSOSOU CDGAD3AGGOGGAAAGGCCGAA ADOCCAD 

339 AADGOGO OX3ADGAGGCCGAAAGGCCGAA AADOCCA 
346 OSAGAGC CDGAIXaGGCCGAAAGGCCGAA ADGOGOU 
350 AGGOOGA COSAIXa^GSCCGAAAGGCCGAA AGCAADG 
352 DOAOGOa OXAIX5AGGCOGAAAG3CCGAA AGAGCAA 

, 358 AGACCAU aX2VOSAGGCCGAAASX30GAA AGGOOGA 

364 OCOAGOA COGAIX3AGGCCGBUVAGGCCGAA ACCADDA 

366 CADCOAG COGA03AQGCCGAAAGGCOGAA AGACCAD 

369 OGOCADC C03AIX5AGGCCGAAAGGCCGAA AGOAGAC 

379 ADUOCAC CUGADGAGGCCGAAAGGCCTGAA AIJOGOCA 

387 AGAADUO COGATOAGGCCGAAAGGCCGAA AUUUCAC* 

388 GAGAADU OXIAIJGAGGCCGAAAGGCCGAA AAUUUCA 
392 OUOGGAG CTJGAJ33AGGCCGAAAGGCCGAA AOUUAAU 
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393 OOODGG* 

39S UUUUUUG 

405 AADCACU 

4X2 ADOGODG 

413 CMJOGOQ 

427 UOCAIIAO 

428 adocaoa 

430 UUAUUCA 

436 GADAADU 

440 OOCAGAU 

441 ADDCACV 
443 OAADUCA 

449 OCCAAGO 

450 AOCCAAG 
453 CAAADCC 

458 AAGADCA 

459 UAAGAOC 
463 GGADQAX 

465 AOGGAOU 

466 OADGGAIT 
469 ADOCAtJG 
473 UAHAADU 

477 UAADUAD 

478 UUAADUA 
480 OADUAAU 

483 tTIAUAOa 

484 UUGADAU 
487 DAGUOGA 
489 GCDAGDU 
494 GADUUGC 
501 UGACADU 
507 UGUOAGO 
511 ADGGOGO 

519 ADQAACU 

520 UADUAAC 

523 , UUADAUU 

524 UUOADAU 



273 

CIXSADGAGGCGGAAAGG30GAA AAUUUAA 
CDGATCAGGCCGAAAG300GAA AGAADUG 
033AD3AGGCQ3AAAG3CCGAA AGOOOOO 
CDGAD3AGGCCGAAAGGCCGAA ADCACDU 
COSWX3AGGCCGAAAGOOQGAA AADCACU 
CDGADGAGGCCGAAAGGCCGAA ADUGGUC 
COGAIX3&GGCOGAAAGGCCGAA AADTCGU 
CTOADGAGGOOGAAAGOCCGAA AEAADOG 
CCOJJSAG>jCO^AAAi^^ t.flAA ADDCADA 
C0GADGAGGCCGAAAGGCCGAA ADGGADU 
CXX2ADSAGGOCGAAAGGCCGAA AADUGA0 

coGAancacaaAJusooosA aoaaoog 

C03ADGAGGCCGAAAGGCCGAA AUOCAGA 
C0G2JX2AGGCO3AAAGGCCGAA AADOCAG 
CO3AIX»fiGCa3AAAS30CGAA AGUAADU 
C0GAOQUS3G0GAAA000QGAA ADCCAAG 
CTCADGAOSCCGAAAGCCOGAA AACCCAA 
etXaArXSA GOOOGAAACGOOGAA ADCAAAU 
COGAIX»GGCa3AAAGGCCGAA AGADCAA 
CTOAOGaOGCCGAAAarCGAA AAGADCA 
CXJGATX3U3GCCGAAAaXrGAA. ADOAAGA 
CtX^UGAGGCCGAAAGGCCGAA ADGGADU 
CUGADGAGGCCGAAAGGCCGAA ADUUAOG 
aX^UX3AGGCCGAAA03CCGAA AADOUAU 
CO3AXX1AGGCO3AAAG0CCGAA ADAADUU 
COGADGAGGCCGAAAGGCCGAA ADUAUAA 
C£EADGAGGCCGAAAGGCOGAA AADUAOA 
CDGADGAGGCCGAAACGCCGAA ADUAAD0 
COGADGAGGCCGAAAGGCCGAA AHADUAA 
COGADGAGGCCGAAAGCCCGAA AGUOGAU 
COGADGAGGCCGAAAGGCCGAA ADOOGCU 
CUGADOK33Ca3AAAGGCa»A ACADOGA 
COGADGAGtXXGAAAGGCCGAA AGUGACA 
CTOATOAGGCOGAAAGGCCCAA ADGGOGO 
CO3ADGAGGCCGAAAGGO0GAA AADGGOG 
CUGAIXjAOGOOGAAAOGCOGAA ACUAADG 
CtmDGAGGCCGAAAGGCCGAA AAC0AAD 
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Table 35: RSV (N) HH Target Sequence 



nt . 


HH Taxgofc Saquaaca 


at. 


HH Target: 


Soquenco 


Posltioa 




Poeitioa 








9 


t»jL_AArtJJ A i_AAJUj»/VU 


217 


GG3AOGO 




ADAGGCG 


21 
23 






GUADGUU 
AIXjUGAU 


A 

x 


UAiXaCQA 


24 




229 


GCGACGU 


c 


uAuxaUuA 


32 


r^issffl i** ^ a/a b i^A 
UwVAALrU C a«ufUIA=A 


*ji 


gaogccxj 


x 


GGljUAGG 


37 


/— nv-f* t (T3~r n maTT32irT 
UvX-AiUAJ U awVWs«VU 




tJCUAGSU 




Atj^rvAtaA 


4l> 


rmi nan i nm~li 




COAGGtJCJ 






50 


AUAi_-rti_U U Afti-AAAL# 




ACACCAD 




AAAADAC 


60 






UAAAAAD 




^aauAl* 


DO 


AvA-AALAJ U IJAAA^AU 


253 


AAADACD 




ACsrtMAtAy . 


an 
OO 


U^a/U-uU U UlAA-ttiJV- 


277 


GCGGGAU 




OZAD3GA 


nf\ 

/U 


LAAA^IAAJ v. jua«uka> 


770 

* • •» 




c 


AOGrUAAA 




ClAAA-AU v» JwAvA-ftAA 




• AUCADGU 




AAAGCAA 


0*1 


ALAnAAAU A LJUJ»A*A* 




ALAjvjAIAJ 




GALXjUAA 


OA 


iv-ALLAU L LaALXAjA 






A 


ACAACAC 


108 


AGGAGAU A GUAJJOGA 




AfUwAJwAU 


c 


GCCAAGA 


111 


AGAuAGU A UuGAuAC 


318 


ACAOCGU 


c 


aAGACaO 


113 


AUAGOAU U GAQaCCC 


326 


AAGACATJ 


u 


AAEGGAA 


117 


OADOGAD A UAXJUAA 


327 


AGACADU 


A 


AEGGAAA 


120 


OGAUACU C CT3AADUA 


346 


AOGAAAD 


U 


CGAAGOG 


123 


QACOCCU A ADOADGA 


347 


DGAAADU 


0 


GAAGoGO 


126 


DCCUAAD U ADGADGU 


355 


GAAGUGU 


0 


AACADUG 


127 


CCUAADU A DGAIXaTG 


356 


AAl»A>UU 


A 


ACADDGG 


146 


AACACAU C AAHAAGU 


361 


UOAACAU 


U 


GGCAAGC 


150 


CADCAAU A AGOGAD3 


370 


GCAAGCU 


0 


AACAACa 


154 


AAOAAGU U AUUUGGC 


371 


CAAGCDU 


A 


aCAaCUG 


1S5 


AHAAGUU A 0GTO3CA 


383 


C0GAAAO 


D 


CAAAUCA 


166 


GGCAOGU U ADUAADC 


384 


DGAAADU 


C 


AAADCAA 


167 


GCAuGOU A UUAADCA 


389 


UUCAAAU 


C 


AACAOGG 


169 


AIXJUUAU U AADCACA 


395 


UCAACAD 


0 


GAGAUAG 


170 


O3U0AUU A ADCACAG 


401 


U0GAGAO 


A 


GAADCOA 


173 


UAUUAAD C ACAGAAG 


406 


AUAGAAD 


C 


UAGAAAA 


186 


AGADGCO A ADCADAA 


406 


AGAADCU 


A 


GAAAADC 


189 


CGCOAAn C AOAAAUCT 


415 


AGAAAAD 


G 


COACAAA 


192 


UAAOCAU A AADUCAC 


418 


AAADCCU 


A 


CAAAAAA 


196 


CAnAAAD U CACTOGG 


431 


AAAOGCU 


A 


AAAGAAA 


197 


AUAAADU C ACUGGOT 


449 


GAGAGGU 


A 


GCDCCAG 


205 


ACUOGQJ U AAOAGGU 


453 


GGUAGCO 


c 


CAGAAHA 


206 


CLK^XAAJ A ADAGGQA 


460 


CCAGAAD 


A 


CAGGCAD 


209 ; 


GGUUAAD A GGUAD3U 


472 


CAOGACU 


C 


UCCTOAD 


213 


AaOAGGO A UGUUAOA 


474 


UGACUCU 


c 


CDGADUG 
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■480 


iJlx jjnAn n < iiir snruTT 


696 




Si JX 




698 




AQA 


i Kim a n & nmnrm 


706 


fyA/^A ATT f f IT U*^ 1ft 




AUAAJJAU VJ JUAiUAUa 


708 


ACAATJCU 0 CDACCAG 


A Q*7 


UAAUAUU a UuUAUAu 


/w? 


wUUXJUU C UACUACA 


501 


AUUAIXjU X UAGCAGC 


iU 


AiA.uuuu A CCAGAGG 




T Siv 1 V T&li ft /^^^ft/"jf ftTT 


726 


UW*-AWJ A WUjUUjA 


3 XX 


fiOAf'll" , lkT1 Tl ft/ JT TAAI 1 ix 


731 




512 


f^ft/^TirTrT ft GDAAIIAA 


740 




515 


^TvnrnifiTT & ArrAAfm 


741 




518 


OTGUAMJ A ACnAAALT 


742 


GGGAUUU O DGCAGGA 


522 


AAEAACO A AADOAGC 


743 


GGAObUU U GCAGGAU 


52$ 


ACQAAAJJ V AGCAGCA 


751 


GCAGrtiri n nrnsTATTn 

«J»**nw w vWUAUV] 


527 


dAAATHT A AT Afit 'Aft 


754 


GGAUOGU U tJADGAAD 


544 




755 


GADtxsnn n ATirtAanr' 


549 




756 


Aoncnnn a nrt^tnr^ 


551 


CDGGTJCTJ tJ ACAGCCG 


766 


AADQccn a rrentr^A 






787 


/VT IT^ftl |f3 r tt ft /*>"■■ Li t J/^ 1 


30-5 


rorctmn n AfstAHArt 


788 


lAxrtXAjUU A UjiIjULmIj 






OUv 


GGGGAGU c dqagcaa 


573 


/"'i/'^ft/TT ft ftTTft a f TTT T 

UAtaALrvJU A AUAaUoU 


OUZ 


GGAGOCtJ D AGCAAAA 


b to 




OUJ 


GAGOCOO A GCAAAAD 


581 


AUaAIAjU c cxxaaaaa 


811 


GCAAAAD C AGOUAAA 


584 


AUUUULu A AAAAADG 


815 


AATJCAGU U AAAAADA 


603 


uAAACGU U ACAAAGG 


816 


ADCAGOD A AAAAOAO 


OU4 


AAAJLoUU A LAAiuiuC 




uAAAAAU A UUADGOU 


CI 1 
olj 


a ft »*y tt rr i/ i rft<"w < 
AAAGuCU U ACUAuUu 




AAAADAD D ADGOUAG 


fil A 
OX* 


ft Y'T 11 T ft fTTftfY^ft 


OX J 


AAAUAUU A uGDUAGG 


OX / 


0*TTTTft<"TT ft OCVftftflY"* 


OX J 


AUOADGU U AGGACAJJ 




&/^2A/^ftrT ft r2nr*A in 




tJUADGOU A GGACADG 




linr^n rr fmvrr""ft& 


o*u 


ACATJGCU A C*C*itXrCA 


D*4X 


ftr*AO*nrT riATTrsAftn 

AL- ALA-LrJ W LUVLAji/YnJLj 


pec 


AACaAGU 0 guugagg 


o*u 




d/tq 
OOJ 


AAGOUGU 0 GAGGUUU 


ceo 


/"ftftOTY'jt n r*"*ftftftftft 
VjAAiiUliU U UlaAAAAA 


D"7C 

o 


UUGAGGU D rjADGAAn 




ft KTJ Tfl rl /^ftftftft*^ 

AALiUliUU U UAAAAAC 


01 C 

o /o 


. DGAGGUU D ADGAADA 


C.C> 


AAAACAU C CCCACUO 


Oil 


♦ GAGGUUtJ A DGAAHAU 


670 


nrTT^am n rra nArran 

v^rk ■ >-rV w u ununUAU 


883 


UaLKjAAU A LKjOCCAA 


671 


CCCACOU 0 ADAGADG 


895 


CAAAAAD U GGGOGG0 


672 


ccAcana a oagatco 


913 


GCAGGAU 0 CUACCAJJ 


674 


ACOOUAU A GAOGOOa 


914 


CAQGADU C UACCAOA 


680 


OAGADGa U OUIWUUC 


916 


GGADUCU A CCADADA 


681 


AGAOG00 0 UUGUUCA 


921 


COACCAU A DAUOGAA 


682 


GAOsaaa a uuuucao 


923 


ACCADAU A DOGAACA 


683 


AlXrUUUU 0 GCOCMKJ 


925 


CAUAHAO U GAACAAC 


686 


UUUUOGU 0 CADOUD3 


943 


AAAGCAO C AUQADOA 


687 


UUUUGOU C AUUUUGG 


946 


GCAUCAU U A0UAOCO 


690 


DGUOCAU U DUGGQAD 


947 


CAOCAOU A UUaDCUU 


691 


GOUCWUU U UGGOAUA 


949 


UCAOOAa U AOCOUDG 


692 


UDCADOU 0 GGUADAG 


950 


CAUUADU A OCOUUGA 
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952 OUAUUAD C OOUGAC0 

954 AUUADCU U OGACOCA 

955 OUMJCUa U GACOCAA 
960 OOOGAC0 C AACHXPCC 

964 ACOCAA0 a UCCTCAC 

965 CUCAADU U CCUCACO 

966 TCAADOU C CUCACDD 
969 ADDOQCa C ACOOCCC 

973 CCUCACtJ U CDCCAGU 

974 CUCACOU C UCCAGGG 
976 CACOOCQ C CAGCCOA 
983 CCAGOGU A GQADOAG 
986 .GOGBASQ A 00AC3CA 

988 GCRGCWJ U AGGCAAO 

989 UAGOAOT A GGCAAEX3 
1007 COGGOCO A GGCADAA 
1013 UAGGCAD A ADGGGAG 
1024 GGAGAGU A CAGAGGU 
1032 CAGAGGO A CACCGAG 
1044 GAGGAAU C AAGADCU 
1050 OCAAGAD C UAHADGA 
1052 AAGADCU A UAIJGADG 
1054 GADCCAD A UGAOGCA 
1072 AAGGCAD A 0GCDGAA 
1085 AACAACU C AAAGAAA 

1103 GOGOGAD U AACDACA 

1104 OGOGADO A ACOACAG 
1108 ADUAACO A CAG O G QA 
1115 ACAGOGO A COAGACO 
1118 GOGDACU A GACDDGA 
1123 CUAGACO U GACAGCA 
1139 AAGAACO A GAGCCOA 
1146 AGAGGCD A UCAAACA 
1148 AGGCUAO C AAACADC 
1155 CAAACAD C AGCODAA 

1160 ADCAGCU U AADCCAA 

1161 DCAGCCO A ADOCAAA 
1164 GCUOAAU C CAAAAGA 
1173 AAAAGAD A ADGADGU 
1181 ADGADGU A GAGCOUU 

1187 UAGAGCU a UGAGOUA 

1188 AGAGCDU D GAGOUAA 
1153 DUDGAGO 0 AAJQAAAA 
1194 DDGAGOO A ADAAAAA 
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Table 36: RSV (N) EH Ribozyme Sequence 



nt ♦ 
Position 

9 

21 

23 

24 

32 

37 

45 

50 

60 

65 

66 

70 

73 

82 

89 
108 
111 
113 
117 
120 
123 
126 
127 
146 
150 
154 
155 
166 
167 
169 
170 
173 
186 
189 
192 
196 
197 
205 
206 
209 
213 



HH Ribozyma So<xuo&ce 



ADCUUUG OX3ADGAGGCCGAAAGGCCGAA AJ0OOGCC 
UUGCUAA CDGAr^Aj^GCCGAAAGGCCGAA AGCCADC 
CODUGCa CDGADGAGGCCGAAAGGCCGAA AGAGCCA 
ACOOOGC aXSUKAGGCOSAAA£^CCGAA AAGAGCC 
UCAACUU OX5AIJGAG3COGAAAGGCC3AA ACUUUGC 
ADCADOC OXiAIXSAGGCCGAAAGGCCGAA ACDOGAC 
DOGAGOG COGAIX3AGGCCGAAAGGCCGAA ADCADCC 
CDOOGDa OX2ADGAGGCXGAAAGSCCGAA AGDGOAD 
AGAAGUU C0GAD3AGGO0GAAAGGCCGAA. ADCOOOG 
ADGACAG CXIGAOGaGGCCGAAAGGCCGAA A GOOGA U 
GADGACA CUGAOGAGGCCGAAAGGCCGAA AAGOOGA 
GCDGGAD CUGAUG^GCOGAAAGGCCOAA ACAGAAC 
OOOGCOG CUGAUGAG3CGGAAAGG0GGA& ADGACAG 
GAOGGUG COGADGAGGCCGAAAGGCCGAA ADUUGCD 
DCCGUDG CTCAJBSAGGOOGAAAGGCOGAA ACGGOGQ 
OCAAOAC COGADGAGGCOGAAAGGCCGAA ADCOCCU 
GOADCAA COGAOGAGGCCGAAAGGCCGAA ACOADCU 
GAGUADC CUGA03AGGCCGAAAGGCCGAA ADACDAD 
UOAGGAG aXSATOAGGCCGAAAGG^OGAA ADCAAOA 
UAAUOAG C03A03AGGCCGAAAGGCCGAA AGUAOCA 
UCAHAAa COGAIX^AGGCCGAAAGSCOGAA AGGAGOA 
ACADCAD CXXJADGAGGCOGAAAGGCOGAA ACUAGGA 
CACADCA CDGAOSAGGCCGAAAGGCCGAA AADOAGG 
ACUUAUU OTSAOSAGGCOGAAAGGCCGAA ADGGGOU 
CAHAACU CDGADGAGGCCGAAAGGCOGAA AOOGADG 
GCCACAU CXX3A03AGGCCGAAAGGCCGAA ACUOADU 
OSCCACA CtKA033U3GCCGAAAGGCCGAA AACUUAU 
GA0UAAU CTOADGA«XX3GAAAGGCCGAA ACADGCC 
UGAOOAA CCGAOGAQ3CCGAAAGGCCGAA AACADGC 
O30GAUU CIX3UOGAGGCCGAAAGGOCGAA AUAACAU 
CCT3OGA0 aXSADSAGGCOGAAAGGCCGAA AAEAACA 
CUUUJGU COGAIXiAGGCCGAAAGGCCX»AA AUQAADA 
UUADGAO CUGA03AG3CCGAAAGGCCGAA AGCADCU 
AAOUUAU C0GAO3AGGCCGAAAGGCCGAA ADUAGCA 
GUGAAUa COGAW3AGGCCGAAAGGCCGAA ADGADUA 
COCAGU5 CXGAraUQGCOGAAAGGCCGAA ADUUADG 
ACCCAGU CIE3UJ3AGGCCGAAAGGCCGAA AADOOAD 
ACCUADU CXKSAtXSAGGCCGAAAGGCCGAA ACCCAGa 
UACCUAU CtXIAtmGGCCGAAAGGCCGAA AACCCAG 
ACADACC OX3AIX3AGGCCGAAAGGCCGAA ADUAACC 
OAUAACA CIXIADGAGGCCGAAAGGCCGAA ACCUAUU 



SUBSTITUTE SHEET (RULE 26) 



WO 95/23225 



pcr/iB95/ooi56 



278 

217 CGCAUAD aXSUX^GGCCXSAAAGCXrxSAA AOVDAOC 

216 DOGCAUA OX3MXSAGGCCGAAAGGC0GAA AACAJQAC 

220 CADCGCA C OG30X» GG0aSUUtG S C0GSOl AOAACA0 

229 OAACCOA aX3UX3tfa300GAAAGGCCGAA ACADCGC 

231 CCHAACC COGADGA£X3CCGAAAGGOCGAA AGACADC 

235 OCOOCCU COGftDGWJOXGAAAGGCCGAA ACCUAGA 

236 COCOOOC COGWXSAQGOOGAAAG3O0GAA AACCUAG 
254 GUADUUU CPGAXX&GGCCGAAAGGOOGAA ADGS P GO 
260 CUCDGAG CPGAH31GG0CGAAAGG0CGAA AUUUUUA 
263 CADCOCO QX2A0GAGGCCGAAAGGCCGAA AGQASUO 
277 OACADGA OlOtfXSUSGCOCyuUUSOCaSVA AOCCCGC 
279 OOTACMJ COGWX3UXCCGAAAGGO0GAA AEADCCC 
284 UUUAJUU aXZMXM&XXSil^ 

299 OUACADC CeXSADSaGGOOGftAAGSOCE ft A ACOCCAI7 

305 GOGOOGa OKStfXSUXCaSAAAGGC^^ ACADCQA 

315 DCOOGAC COGADC»GGCOGAAAGOOOSAA ADGOGOU 

318 ADGDCUa COGAOGAGGCCGAAAGGCCGAA AOGAOGU 

326 UOCCADU COMGAGGCaiAAAjSGCCCM ADGOCOO 

327 OaOQCAU CC^JUXiAGGOCGAAACGCOGAA AADGUCU 

346 CACOUCA CO2ATCAGGCa^AAG3C0GAA AUUUCAU 

347 ACACCLC CXXSUXaAGGQOGAAAGGOOOAA AADOOCA 

355 CAAO30D C03ADG3USGOOGAAAGGC03AA ACACOOC 

356 CCAADGCT C0GADGAGGCO3AAAGGCCGAA AACACO0 
361 GCOOGCC C03ADC3U3GCOoAAAGGCOGAA ADGUUAA 

370 AGGOGOU aXSUXSAQGCCGAAAGGOCGAA AGCUUGC 

371 OUSOOGU CtXSAO^AGGCCGAAAGOOOGAA AAGCDOG 

383 OGADOtXJ GX31D3U3GO0GAAAGGO0GAA ADOOCAG 

384 CTOGADDU CDGADGAGGOOGAAA030CGAA AADUUCA 
389 CAAH300 COGAOGAGGOOGAAAGGCCGAA ADOOGAA 
395 COADCUC OKSAIJSUOGCOSAAAGCmaA ADGODGA 
401 UAGADUC OT^ATCAGGCXDGAAAQOCCGAA ADCOCAA 
406 UUUUOJA OX»DGAGGCOGAAAGGCCGAA ADOC0AD 
408 GADOOTC OCGADGAGGCCG^AAGGXXGAA AGADOCO 
415 UUUU1AG C0GADGAGGO2GAAAGGCCGAA AUUUUOJ 
418 DCU00O3 CEXZARyiGQCQGAAAGGCOGAA AGGADDU 

431 ouucuou cogadgaggcogaaaggccgaa agca uuu 

449 CCX3GAGC COGADGAGGCCGAAAGGCCGAA AOCOCDC 

453 OAUUCUG COGADGAGGCCGAAAGGCCGAA AGCQACC 

460 ADGCCOG COGADGAGGCCGAAAGGCCGAA ADOCOGG 

472 AIXZAGGA aXSADGAGGCTGAAAGGCCGAA AGUCADG 

474 CAADCAG C0GADGAGGCX3GAAAGGCCGAA AGAGDCA 

480 ATOCCAC COGADGAGGCCGAAAGGCCGAA ADCAGGA 

491 AJDAAnAD CTKSADGAGGCCGAAAGGCCGAA ADCADCC 

494 DACADAA COGADGAGGOSGAAAGGCCGAA ADOADCA 

496 UADACAD OX3AJDGAGGCCGAAAGGOOGAA A0ADOAO 

497 CUAUACA COC^UDGAGGCCGAAAGGOCGAA AADADUA 
501 GCDGCUA OX3ADGAGGCXJ2AAAGGCCGAA ACADAAU" 
503 AOGCUGC CUGADGAGGCCGAAAGGrOCGAA ADACADA 
511 UADUACU COGADGAGGCCGAAAGGCCGAA ADGCOGC 
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512 OUADUAC CX3GAOSAGGOCGAAAGGC0GAA AADGCUG 

515 UAGCTOAU CUGADGAGGCCGAAAGGCCGAA ACUAADG 

518 ADUUAGO CUGAK^GOOGAAAGGCCGAA AUUACUA 

522 GCUAAUU OX3AIX3AGGCCGAAAi3GCCGAA AGOUADTJ 

526 U G OJGO J C03AU3A^GCCGAAAJ3GCCGAA ADDUAGU ' 

527 COGCOGC COGAjOGAGGCCGAAAGGCCGAA AADUDAG 
544 AAGACCA COGAD3ACGCOGAAAGGOCGAA ADCOGOC 
549 GCDGUAA . 03GADG3U3GCCGAAAGGCCGAA AOCAGAU 

551 CGGCDGU CDGATCACGCOGAAAGGCCGAA AGACCAG 

552 ACGGCOG CDGAIX3AGGCCXaAAiXKXGAA AAGACCA 

563 COCOCCU COGADSUSGCCGAAA133CCGAA ADCACGG 

564 GCUCDCC C0GATOACGCO3AAAG3CCGAA AADCACG 
573 ACADUAU aX3AD3aGSOCC^UU^QGCCC^ AGC0COC 
576 AG3ACAU CCX3AOG3VG(XCGAAAGCXXXS^A ADUAGCU 
581 UUUUUAG COGADGAGGCCGAAAGGCCGAA ACADOMJ 
584 CAUUUUU COC^VDGAGGCCGAAAGGCCGAA AGGAOJJ 

603 CCDUDGU COGADGAGCCOGEAAAGGCOGAA ACOTOOC 

604 GCCDODC C03ADGAGGC02AAAGGCCGAA AACGOUU 

613 GOGQAGU COGAOGAGGCOSUAaxrraA AOX UUU 

614 OGQGOAG C0GADG3U3GCO2AAAaXX33AA AAGCCUU 
617 CCDOGGG OXIADGAGGCCGAAAGGCCGAA AGOAAGC 
629 OCOCGGC aXSATOAOXOSAAAGGCCGAA ADGOCCD 

640 OUCAUAG OTGADGAGGCCC^AAGGCCGAA AGCDGUU 

641 COUCADA CDGAZ73AOQQCGAAAOGCOGAA AAGCOGU 
643 CACUUCA aJGADGAGOgaSAAAGGCCGAA AGAAGCU 

652 OOOOOCA OTGADGAGGOCGAAAGGCCGAA ACACOCC 

653 GOUOOOC CXGAJCGAGCXXDC^lAAGGCCGAA AACACUU 
663 AAGOGGG OXMGAGGCCGAAA£5GCCGAA ADGOUOU 

670 ADCUADA C33GAIXAGGCCGAAAGGCCGAA AGOGGGG 

671 CADCOAU CDGADGAGGCOGAAAGGCOGAA AAGCGGG 

672 ACADCUA CXK3AIX2AGGCt23AAAGGCCX»A AAAGUGG 
674 AAACADC CTCADGIAGGCOGAAAGGCXGAA AOAAAGU 
6 BO GAACAAA COGAOIAGGCCGAAAGGOCGAA ACADCUA. 

681 OGAACAA CTJ2ADGJU33CCGAAAGGCCCIAA AACADCU 

682 AOGAACA CXK3AD3A03CCGAAAGGCOaA AAACADC 

683 AADGAAC CXJGADGAGGCaSAAAOX^SAA AAAACAD 

686 CAAAACG aXSADGAGGODCAAAGGCCGAA ACAAAAA 

687 CCAAAAD axaTOAteGOOSAAAQGCCGAA AACAAAA 

690 AUACCAA OX3AD3AGGCXX3AAAGGCCGAA ADGAACA 

691 UAUACCA C03ADGAG3CCGAAAQGCCGAA AADGAAC 

692 CUADACC CTK3UX2AOXCGAAAGGCCGAA AAADGAA 
696 UGOGCUA COCATXSAGGCCGAAAOXXXAA ACCAAAA 
698 ADOGOGC COGADCMGCCX»AAGGCCGAA ADACCAA 
706 GGUAGAA CUGADGAGGCOSAAAG3CXEAA ADOGOGC 
7.08 COQGUAG LTXiADGAGGCCGAAAGGOCGAA AGADOGO 
709 DCDGGUA COGADGAC<XCGAAAGGCCGAA AAGADDG 
711 CCDCOGG COZMXSAGGCOZAAlJZXXXSiA AGAAGAD 
726 UCAACUC CDGADGAGGCCGAAAGGCCGAA ACOGCCA 
731 UCCCUUC a^DGAGGOCGAAAGGCCGAA ACTJCUAC 
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740 CU3CAAA CDQADGAGOOOGAAAOSOOCSkA AOCGCUU 

741 OCOGCAA CTJGATCAGGOCGAAAGGCCGAA AADCCC0 

742 CCCOGCX CUGAOSAGGCCGAAAG3CCGAA AAADCCC 

743 ADCCUGC CDGA03AGGC02XAAGGCOGAA AAAADCC 
751 CAUAAAC ODGAIX3AGGOCGAAAGGCCGAA ADCCUGC 

754 ADOCAUA OX3ADGAGGCXXSUUGGCCGAA ACAADCC 1 

755 CADUCAU aXlAOSAGGCOlAAAGGCaSAA AACAADC 

756 GCADDCA OTGADGAGGOCGAAAGGCCGAA AAACAAU 
766 DGCACCA OJ3A0GAGG(XSAAAGGCa3AA AGGCAOO 

787 CCACCGU OX35UX3U5GCCGAAAG3CC3AA ACAOCAC 

788 CCCACOG aXSUXMGODGAAAGtSXGAA AACACCA 
800 UOGCOAA OJGADGAGGCCGAAAGGCCGAA ACOCCCC 

802 U0UCGCU OJGAOGAGGCCGAAACGCCGAA AGACDCC 

803 ADOOOGC aX2tfKAGGOCGAAAGGCCX»A AAGACCC 
811 UOOAACD CDGAD3SU3GOCGAAAG3QOGAA ADOOOGC 

815 UADUUUU COGAD5AGGOOSAAAG0COGAA ACOGADtf 

816 ADAUUUU QXSAD^AGGQCGAAAGGCCGAA AACOGA0 
822 AACADAA OXSOJ3aGGCa3AAAG3aCGAA AUUUUUA 

824 CDAACAU CEGAOSAGGCCGAAAGGCCGAA ADA0UUU 

825 CCOAACA COGAOGAGGCCGAAAGGOCGaA AADADUa 

829 ADGOCCO OJGAOGAGGCOGAAAGGCCGAA ACAUAAU 

830 CADGUCC OJSAraiGCXXX^UQSCCG^ AACADAA 
340 DGCACAC CO»IX3AGG(XGAAAG3CCGAA AGCADGU 
866 CCDCAAC CIX^ADGAGGCOGAAAQSCCGAA ACCOGOU 
869 AAACCDC CXCADGAGGOXAAAGGCCGAA ACAACUD 

875 ADOCADA OX3ADGAGGCXGAAAGGCCGAA ACCDCAA 

876 OADUCAO aXSAnSAGGOXAAAGGCCGAA AACCDCA 

877 . ADADUCA aX^UJGAGGOXAAAGGCEGAA AAACCDC 
883 UDGGGCA COGATK3AGGCXGAAAGGCOGAA ADUCAIIA 
895 ACCACCC aJGADSAGGOOGAAAGSOCSAA AUUUUDG 

913 ADGGUAG OXSADGAGGCa3AAAGGCCGAA ADOCOGC 

914 DADGGDA aXSADGAGGCaSAAAGGCCGAA AADCCUG 
916 UAOADGG CXX3UX2AGGOCCAAAGGOOGAA AGAADCC 
921 DCCAADA OX2ADGAGGCXX2UUGGCCGAA ADGOTAG 
923 DGOUCAA C0GAD3AGQCCGAAAGGCCGAA AJQADGGD 
925 GUOCDDC axaOSAGGCaSAAAGGOCGAA ADAUADG 
943 UAADAAD COGADGAGGODGAAAGGCCGAA ADGCDUU 

946 AGADAAD COGADGAGGCOGAAAGGCCGAA ADGADGC 

947 AAGADAA axSATOAOOXGAAAjC33CCGAA AABGADG 

949 CAAAGAD OJGADSAGGCCGAAAGGCCGAA AOAAOGA 

950 UCAAAGA COGADGAGGCOGAAAGGGCGAA AADAADG 
S52 AGUCAAA CXXS^DGAGGCOIAAAGGOCGAA ADAAUAA 

954 DGAGUCA OXSJUXaGOOOGAAAGGCOGAA AGAIIAA0 

955 UDGAGOC CUGADGAGGCOGAAAGGCCGAA AAGAUAA 
960 GGAAADU OXyUJGAGGCCGAAAGGCCGAA AGOCAAA 

964 GUGAGGA amECAGGCCGAAAGGCCGAA ADOGAGU 

965 AGOGAGG aXSUXSAOQQOSAAAGGCCGAA AADOGAG* 

966 AAGUGAG OX3AOSAGGCOGAAAGGCCGAA AAADUGA 
969 GAGAAGO CDGAOGAGGCOGAAAGGCCGAA AGGAAA0 
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973 ACOGGAG OX3aiX3AGGC03AAAGSXGAA AGOGAGG 

974 CACCGGA CUC2UX5AGGCCGAAAGGCCGAA AAGOGAG 
976 UACACUG COGADGAGGCCGAAAGGCCGAA AGAAGCG 
983 CUAADAC OXaPGAgGCOGAAAGGCCGAA ACACDGG 
986 OGCCOAA COGADGAGGCCGAAAGGCCGAA ACOACAC 

988 AUOGCCU COGADGAGGCCGAAAGGCCGAA ADACOAC 

989 CADOGCC CXX2ADGAGGCCGAAAGGCCGAA AADACUA 
1007 OUADGCC OX3UXiAGGCCGAAAGGC)CGAA AGGCCAG 
1013 COCCCAD COGADGAGGCCGAAAGGCCGAA ADGCCUA 
1024 ACCDCOG COGADGAJGGCCGAAAGGCCGAA ACOCCCC 
1032 COCGGUG OX^DGAGGCCSIAAGGCCGAA ACCJCUG 
1044 AGADCUU 03GADGAGGCCGAAAGGCCGAA ADCCCGC 
10S0 DCADADA OX3ADGAGGCCGAAAGGCC3AA ADCGCGA 
1052 CADCAUA C0GADGAGGO2»AAGGCCGAA AGADCUU 
1054 OGCADCA COGADGAGGCCGAAAGGCCGAA ADAGADC 
1072 DDCAGCA C03ADGAGGCCGAAAGGCCGAA AEGOCOU 
1085 UUUCUUU COGADGAGGCCGAAAGGCCGAA AGGOGC0 

1103 UGOAGUU aXSADSAGGCCGAAAGGCCGAA ACCACAC 

1104 CUGUAGU COGADGAGGCCGAAAGGCCGAA AADCACA 
1108 UACACOG COGADGAGGCCGAAAGGCCGAA AGOUAAU 
1115 AGCCDAG COGADGAGGCCGAAAGGCCGAA ACACDGU 
1118 OCAAGUC COGADGAGGCCGAAAGGCCGAA AGUACAC 
1123 UGCOGOC COGADGAGGOCGAAAGGCCGAA AGCCGAG 
1139 UAGCCOC OX5ADGAGGCCGAAAGGCCGAA AGUOCUU 
U46 DGDUOGA COGADGAGGCCGAAAGGCCGAA AGCCDCU 
1148 GADGDUU CDGADGAGGCOGAAAGGCCGAA ADAGCCD 
1155 DUAAGCU COGADGAGGCOSAAAGGCCGAA ADGDUUG 

1160 • DUGGAUD COGADGAGGCCGAAAGGCCGAA AGCDGA0 

1161 UUOGGAD COGADGAGGCCXIAAAGGCCGAA AAGCOGA . 
1154 UCUUUOG COGADGAGGCCGAAAGGCCGAA AUUAAGC 
1173 ACAUCAU OX3ADGAGGCCGAAAGGCCGAA AECUUOO 
1181 AAAGCaC COGADGAGGCCGAAAGGCCGAA ACADCA0 

1187 DAACDCA CDGAD3AGGCQGAAAGGCCGAA AGCOCUA 

1188 OOAACDC COGADGAGGCCGAAAGGCCGAA AAGCOCO 
1153 UOOUAOO CDGADGAGGCCGAAAGGCCGAA ACCCAAA 
1194 UUUUUAD aXIADGAGGCCGAAAGGCCGAA AACOCAA' 
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Table 39: Large-Scale Synthesis 



Sequence Activator Amidite Time* % Full 

[Added/Final] [Added/Final] Length 

(min) (mln) Product 

AgT T [0.50/0.33] [0.1/0.02] 15 m 85 

AgT S [0.25/0.17] [0.1/0.02] 15 m 89 



(GGU^GGT 


T [0.50/0.33] 


[0.1/0.02] 


15 m 


78 


(GGU) 3 GGT 


S [0.25/0.17] 


[0.1/0.02] 


15 m 


81 


CgT 


T [0.50/0.33] 


[0.1/0.02] 


15m 


90 


CgT 


S [0.25/0.17] 


[0.1/0.02] 


15 m 


97 


UgT 


T [0.50/0.33] 


[0.1/0.02] 


15m 


80 


U 9 T 


S [0.25/0.17] 


[0.1/0.02] 


15m 


85 



A (36-mer) 


T [0.50/0.33] 


[0.1/0.02] 


15/1 5m 


21 


A (36-mer) 


S [0.25/0.17] 


[0.1/0.02] 


15/15 m 


25 


A (36-mer) 


S [0.50/0.24] 


[0.1/0.03] 


15/15 m 


25 


A (36-mer) 


S [0.50/0.18] 


[0.1/0.05] 


15/15 m 


38 


A (36-mer) 


S [0.50/0.18] 


[0.1/0.05] 


10/5 m 


42 



"Where two coupling times are indicated the first refers to RNA coupling 
and the second to 2'-0-methyi coupling. S = 5-S-Ethyttetrazole, T = 
tetrazole activator. A is 5' -ucu ccA UCU GAU GAG GCC GAA AGG CCG 
AAA Auc ecu -3' where lowerecase represents 2'-0-methyinucleotides. 
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Table 40: Base Deprotectlon 



Sequence Deprotection Time 
Reagent (min) 



T «C 



% Fun 

Length 
Product 



lBu(GGU)4 




ion 


EC 
CO 


62.5 




MA 


10 m 


65 


62.7 




AMA 


10m 


65 


74.8 




MA 


10m 


55 


75.0 




AMA 


10m 


55 


HZ 


iPrP(GGU)4 


NKiOH/EtOH 


4h 


65 


44.8 




MA 


10 m 


65 


65.9 




AMA 


10 m 


65 


59.8 




MA 


10 m 


55 


61.3 




AMA . 


10m 


55 


60.1 


c 9 u 


NH 4 OH/EtOH 


4h 


65 


75.2 




MA 


10m 


65 


79.1 




AMA 


10 m 


65 


77.1 




MA 


10 m 


55 


79.8 




AMA 


10m 


55 


75.5 


A (36-mer) 


NH 4 OH/EtOH 


4h 


' 65 


22.7 




MA 


10 m 


65 


28.9 
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Table 41: 2 , -0-Alkyisilyl Deprotectlon 



Sequence Deprotectlon Time T °C % Full 
Reagent (min) Length 

Product 



A 9 T TBAF 24 h 20 84.5 

1.4 M HF 0.5 h 65 81.0 



(GGU) 4 TBAF 
1.4 MHF 

C 10 TBAF 
1.4 MHF 

U t Q TBAF 
1.4 MHF 



24 h 20 60.9 

0.5 h 65 67.8 

24 h 20 86.2 

0.5 h 65 86.1 

24 h 20 84.8 

0.5 h 65 84.5 



B(36-mer) TBAF 24 h 20 25.2 

1.4 MHF 1.5 h 65 30.6 

A (36-rner) TBAF 24 h 20 29.7 

1.4 MHF 1.5h 65 30.4 
B is 5'- UCU CCA UCU GAU GAG GCC GAA AGG CCG AAA AUC CCU 

-3\ 
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Table 44. Kinetics of Self-Processing In Vitro 



Self-Processing- Constructs 


k (mia V 


HH 


L16 ± 0.08 


HDV 


0.56 t 0.15 


HP(GC) 


0.36 ± 0.06 


HP(GU) 


0.054 ± 0.003 



* k represents the unimolecular rate constant for ribozyme self-cleavage 
determined from a non-linear, least- squares fit (KaleidaGraph, Synergy 
Software, Reeding, PA) to the equation: 

(Fraction Uncleaved Transcript) = j~ (l-e*^) 

The equation describes the extent of ribozyme processing in the presense of 
ongoing transcription (Long & Uhlenbeck, 1994 Proc. Natl. Arad. Sri. TJ flft 91, 
€977) as a function of time (t) and the unimolecular rate constant for cleavage 
(k). Each value of k represents the average (± range) of values determined 
from two experiments. 
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Table 4S 

Entry Modification t 1/2 (m) t 1/2 (m) p a ts/t 

Activity Stability x 1Q 
(*a) (ts) 

1 U4&U7 = U 1 0.1 1 

2 U4 & U7 = ^OMe-U 4 260 650 

3 U4 = 2'=CH2-U 6.5 120 180 

4 U7 « 2'=CH2-U 8 280 350 

5 U4 & U7 = 2'=CH 2 -U 9.5 120 130 

6 U4 = 2'=CF Z 4J 5. 320 640 

7 U7*2'=CF2-U 4 220 550 

8 U4 & U7 = 2'=CF2-U 20 320 160 

9 U4 = 2'-F-U 4 320 800 

10 U7 = 2'-F-U 8 400 500 

11 U4 & U7 = 2'-F-U 4 300 750 

12 U4 = 2'-C-A!lyMJ 3 >500 >1700 

13 U7 = 2*-C-Altyi-U 3 220 730 

14 U4 & U7 * ^-C-AJIyl-U 3 120 400 

15 U4 = 2'-araF-U 5 >500 >1000 

16 U7 = 2'-araF-U 4 350 875 

17 U4 & U7 8 2>araF-U 15 500 330 

18 U4 = 2'-NH 2 -U 10 500 500 , 

19 U7=:2'-NH 2 -U 5 500 1000 

20 U4 & U7 = 2'-NH 2 -U 2 300 1500 

21 U4 = dU 6 100 170 

22 U4&U7 = dU 4 240 600 
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CLAIMS 

What is claimed is: 

1. An enzymatic nucleic acid molecule which cleaves ICAM-1 mRNA, IL- 

5 mRNA, ml A mRNA, TNF-a mRNA sites shown in Table 23, 25, 
5 27, or 28, CML associated mRNA selected from those identified as 

SEQ. ID NOS 1-25, or RSV mRNA or RSV genomic RNA in a 
region selected from the group consisting of 1C, 1B and N. 

2. The enzymatic nucleic acid molecule of claim 1, the binding arms of 

which contain sequences complementary to any one of the 
10 sequences defined in any of those in Tables 2, 3, 6-9, 11, 13, 15- 

23,27.28,31,33,34,36, and 37. 

3. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 

nucleic acid molecule is in a hammerhead motif. 

4. The enzymatic nucleic acid molecule of claim 1 or 2, wherein said 
1 5 RNA molecule is in a hairpin, hepatitis delta virus, group 1 intron, 

Neurospora VS RNA or RNaseP RNA motif. 

5. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 

between 12 and 100 bases complementary to said mRNA or 
genomic RNA. . 

20 6. The enzymatic nucleic add molecule of claim 5 comprising between 
14 and 24 bases complementary to said mRNA or genomic RNA. 

7. The enzymatic nucleic acid molecule of claim 1 or 2, comprising 
between 5 and 23 bases complementary to said mRNA or genomic 
RNA. 

25 8. The enzymatic nucleic acid molecule of claim 7 comprising between 
10 and 18 bases complementary to said mRNA or genomic RNA. 

9. An enzymatic nucleic acid molecule consisting essentially of a 
sequence selected from the group of those shown in Tables 4-8, 
10, 12. 14-16, 19-22, 24, 26-28, 30, 32, 34 and 36-38. 

30 10. A mammalian cell including an enzymatic nucleic acid molecule of 
claims 1 or 2. 
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11. The cell of claim 10, wherein said cell is a human ceil. 

1 2. An expression vector including nucleic acid encoding an enzymatic 
nucleic acid molecule or multiple enzymatic molecules of claims 1 
or 2 in a manner which allows expression of that enzymatic RNA 

5 rnolecufe(s) within a mammalian cell. 

13. A mammalian cell including an expression vector of daim 12. 

14. The cell of claim 13, wherein said cell is a human cell. 

15. A method for treatment of a pathological condition related to the 
mRNA level of iCAM-1, IL-5, rel A, TNF-a, or RSV by administering 

10 to a patient an enzymatic nucleic acid molecule of claim 1 or 2. 

16. A method for treatment of a pathological condition related to the 
mRNA level of ICAM-1, IL-5. rel A, TNF-a, or RSV by administering 
to a patient an expression vector of daim 12. 

17. The method of claims 15 or 16, wherein said patient is a human. 

15 18. The method of claim 17 wherein said condition is selected from the 
group consisting of atherosclerosis, myocardial infraction, stroke, 
restenosis, heart diseases, cancer, rheumatoid arthritis, asthma, 
reperfusion injury, inflammatory or autoimmune disorders, 
transplant rejection, myocardial ischemia, stroke, psoriasis, 

20 Kawasaki disease, HIV and AIDS, and septic shock. 

19. A nucleoside selected from the group consisting of 5'-0 
alkylnucleoside, 2'-deoxy-2'-alkylnucleoside, nucleoside 5*-deoxy- 
S'-dihalo-methylphosphonate, nucleoside 5'-deoxy-5'-difluoro- 
methylphosphonate, nucleoside 3*-deoxy-3'-dihalo- 

25 methylphosphonate, and 5 , ,3 , -dideoxy-5 , ,3'-bis(dihalo)- 

methylphosphonate. % 

20. A nucleotide selected from the group consisting of 5*-C- 
alkylnucleotide, 2'-deoxy-2'-alkylnucleotide, S^deoxy^'-dihalo- 
methylnucleotide, 5'-deoxy-5'-difIuoro-methylnucleotide, 3'-deoxy- 

30 3'-dihalo-methylnucleotide, and 5 , ,3 , -dideoxy-5',3*-bis(dihalo)- 

methylphosphonate. 
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21. A nucleotide triphosphate comprising a nucleotide selected from the 
group consisting of 5'-C-alkylnucleotide, 2'-deoxy-2'- 
alkylnucleotide, 5'-deoxy-5'-dihaJo-methylnucleotide, 5'-deoxy-5*- 
difluoro-methyinudeotide, S'-deoxy-S'-dihalo-methylnucleotide, 
and 5\3'^ideoxy-5\3'4)is(dihalo)-methylphGsphonate. 

22. The S'-C-alkylnucIeoside of claim 19 r wherein the sugar portion is in 
a talo configuration. 

23. The ^-C-alkytnucleoside of claim 19, wherein the sugar portion is in 
an alio configuration. 

10 24. An oligonucleotide comprising a nucleotide selected from the group 
consisting of 5*-C-alkylnucleotide f 2'-deoxy-2'-alkylnucieotide t 5- 
deoxy-S'-dihalo-methylnucleotide, 5'-deoxy-5'-difluoro- 
methylnucleotide, S'-deoxy-S'-dihalo-methylnucleotide, and S',^- 
dideoxy-5\3-bis(diha(o)-methylphosphonate. 

15 25. An oligonucleotide comprising a moiety having the formula: 

wherein B is a nucleotide base or hydrogen; R1 f R2 and R3 
independently is selected from the group consisting of hydrogen, 
an alkyl group containing between 2 and 10 carbon atoms 
inclusive, an amine, an amino acid, and a peptide containing 
20 between 2 and 5 amino acids inclusive; and the zigzag lines are 

independently hydrogen or a bond. 

26. An oligonucleotide comprising a 3-amido or peptide group. 

27. An oligonucleotide comprising a 5'-amido or peptido group. 

28. The oligonucleotide of claim 24, 25, 26, or 27 having enzymatic 
25 activity. 

29. Method for producing an enzymatic nucleic acid molecule having 
activity to cleave an RNA or single-stranded DNA molecule, 
comprising the step of forming said enzymatic molecule with at 
least one nucleotide having an alkyl group at its 5*-position or 2 - 

30 position. 
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30. Method for conversion of a protected alio sugar to a protected talo 
sugar, comprising the step of contacting said protected ailo sugar 
with triphenyl phosphine, diethylazodicarboxylate, p-nitrobenzoic 
acid under inversion causing conditions to provide said protected 

5 talo sugar. 

31. Method for the synthesis of a nucleoside 5* or a 3'-dihalo- 
methylphosphonate comprising the step of condensing a 
difluoromethylphosphonate-containing sugar with a pyrimidine or 
purine under conditions suitable for forming a nucleoside 5 - or 3'- 

1 0 difluoromethylphosphonate. 

32. The oligonucleotide of claim 3, wherein the normal hammerhead U4 
and/or U7 positions are substituted with 2'-NH-amino acid. 

33. A method for the synthesis of RNA comprising the step of providing . 
5-S-alkyltetrazole at a delivered 0.1-1.0 M concentration for the 

1 5 activation of a RNA amidrte during a coupling step for less than or 

equal to 10 minutes. 

34. A method for the synthesis of RNA comprising the step of providing 
5-S-alkyltetrazole at 0.15-0.35 M effective, or final, concentration for 
the activation of a RNA amidite during a coupling step for less than 

20 or equal to 10 minutes. 

35. A method for the deprotection of RNA comprising the step of 
providing aJkylamine (MA) or NH40H/alkylamine (AMA) at between 
60°C - 70°C for 5 to 15 minutes to remove any exocyciic amino 
protecting groups from protected RNA; wherein said alkyl is 

25 selected from the group consisting of methyl, ethyl, propyl and 

butyl. 

36. A method for the deprotection of RNA alkylsilyl protecting groups 
comprising, contacting said groups with anhydrous 
triethylamine-hydrogen fluoride (aHF^TEA) trimethylamine or 

30 disopropylethyiamine at between 60 °C-70 °C for 0.25-24 h. 

37. A method for the purification of an RNA molecule by passing said 
enzymatic RNA molecule over an HPLC column, wherein said 
HPCC column is an anion exchange chromatography column. 
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38. Method for one pot deprotection of RNA comprising, contacting a 
protected base with anhydrous methyl amine at between 60 °C-70 
°C for at least 5 min, cooling the resulting mixture and contacting 
said mixture with TEA-3HF reagents under conditions which 

5 remove a protecting group of the ^-hydroxy! position, 

39. Method for synthesizing RNA containing a phosphorothioate linkage 
comprising the step of contacting 6-10 equivalents of 3H-1.2- 
benzodithiole-3-one 1,1-dioxide (Beaucage reagent) with the 
growing RNA chain for 5 seconds with a reaction time of at least 

1 0 300 seconds. 

40. Method of synthesizing RNA containing a phosphorothioate linkage 
comprising the step of achieving coupling with 5-S-ethyitetrazole or 
5-S-methyttetrazole prior to sulfurization. 

41. Method of claims 38 f 39 or 40 wherein said RNA is enzymatically 
1 5 active. 

42. Method for synthesizing 2'-deoxy-2*-amino-nucleoside 
phosphoramidite, comprising the step of protecting the 2*-amino 
group with a N-phtaloyl group. 

43. The method of claim 42 wherein the said nucleoside lacks a base. 

20 44. Method for synthesis of RNA comprising the step of: protecting the 
2'-position of a nucleotide during said synthesis with a 
(trimethylsilyi)ethoxymethyl (SEM) group. 

45. Method for covalently linking a SEM group to the 2'-position of a 
nucleotide, comprising the step of: contacting a nucleoside with an 

25 SEM-containing molecule under SEM bonding conditions. 

46. The method of ciaim 45, wherein said conditions comprise dibutyltin 
oxide and tetrabutyiammonium fluoride and SEM-CI. 

47. Method for removal of an SEM group from a nucleoside molecule or 
an oligonucleotide, comprising the step of: contacting said 

30 molecule or oligonucleotide with boron trifluoride etherate 

(BF3*OEt2) under SEM removing conditions. 
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48. The method of claim 57 wherein said (BF3*OEt2> is provided in 
acetonrtrile. 

49. One or more vectors comprising 

a first nucleic acid sequence encoding a first ribozyme having 
5 intramolecular or intermolecular cleaving activity, said first 

ribozyme being selected from the group consisting of a 
hammerhead, hairpin, hepatitis delta virus, Neurospora VS RNA, 
Group 1, and RNaseP motif; 

and a second nucleic acid sequence encoding a second ribozyme 
10 having intermolecular cleaving activity, said Second ribozyme 

being selected from the group consisting of a hammerhead, 
hairpin, hepatitis delta virus, Neurospora VS RNA, Group I, and 
RNaseP motif and said second nucleic acid being flanked by other 
nucleic acid sequences encoding RNA which is cleaved by said 
1 5 first ribozyme to release said second ribozyme from RNA encoded 

by said vector, 

wherein said first and second nucleic acid sequences may be on the 
same or separate nucleic add molecules, and said vector encodes 
mRNA or comprises RNA which lacks secondary structure which 
20 reduces release of said second ribozyme by more than 20%. 

50. Cell comprising the vector of claim 49. 

51. A transcribed non-naturaily occurring RNA molecule, comprising a 
desired therapeutic RNA portion, wherein said molecule comprises 
an Intramolecular stem formed by base-pairing interactions 

25 between a 3' region and 5* complementary nucleotides in said 

RNA, wherein said stem comprises at least 8 base pairs. 

52. The RNA molecule of claim 51 , wherein said molecule is transcribed 

by a RNA polymerase 111 based promoter system. 

; 53. The RNA molecule of claim 51, wherein said molecule is transcribed 
30 by a type 2 pol 111 promoter system. 

54. The RNA molecule of claim 51, wherein said molecule is a chimeric 
tRNA. 
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55. The RNA molecule of claim 53, said RNA having A and B boxes of a 
type 2 pol III promoter separated by between 0 and 300 bases. 

56. The RNA molecule of claim 53, wherein said desired RNA molecule 
is at the 3* end of said B box. 

5 57. The RNA molecule of claim 53, wherein said desired RNA molecule 
is in between the said A and the B box. 

58. The RNA molecule of claim 53, wherein said desired RNA molecule 
includes said B box. 

59. The RNA molecule of claim 51, wherein said desired RNA molecule 
10 is selected from the group consisting of antisense RNA, decoy RNA, 

therapeutic editing RNA, enzymatic RNA, agonist RNA and 
antagonist RNA. 

60. The RNA molecule of claim 51, wherein said 5* terminus is able to 
base-pair with at least 12 bases of said 3* region. 

15 61. The RNA molecule of claim 51, wherein said 5' terminus is able to 
base-pair with at least 15 bases of said 3' region. 

62. DNA vector encoding the RNA molecule of claim 51 

63. The vector of claim 62, wherein said vector is derived from an AAV 
or adeno virus. 

20 64. RNA vector encoding the RNA molecule of claim 51. 

65. The vector of claim 64, wherein said vector is derived from an alpha 
virus or retro virus. 

66. The vector of claim 62 wherein the portions of the vector encoding 
said RNA function as a RNA pol 111 promoter. 

25 67. Cell comprising the vector of claim 62. 

68. Cell comprising the vector of daim 53. 

69. Cell comprising the RNA of claim 51. 
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70. Method to provide a desired RNA molecule in a cell, comprising 
introducing said molecule into said cell a RNA comprising a 
desired RNA molecule, having a 5* terminus able to base pair with 
at least 8 bases of a 3' region of said RNA molecule. 

5 71. The method of claim 70, wherein said introducing comprises 
providing a vector encoding said RNA molecule. 

72. Hammerhead ribozyme having 2 or 3 base pairs in stem II with an 
interconnecting loop of 4 or more bases between said base pairs. 

73. Hairpin ribozyme lacking a substrate moiety, comprising at least six 
1 0 bases in helix 2 and able to base-pair with a separate substrate 

RNA, wherein the said ribozyme comprises one or more bases 3' 
of helix 3 able to base-pair with the said substrate RNA to form a 
helix 5 and wherein the said ribozyme can cleave and/or iigate said 
separate RNA(s) in trans.' 

15 74. The ribozyme of claim 73, wherein said ribozyme comprises six 
bases in helix 2. 

75. The ribozyme of claim 73, having the structure of Fig. 3, wherein 
each N and N' is independently any base and each dash may 
represent a hydrogen bond, r is 1-20, q is 2-20, o is 0 - 20, n is 1 - 

20 4, and m is 1 - 20. 

76. Method for increasing the activity of a hairpin ribozyme by providing 
one or more bases 3' of helix 3 able to base-pair with a substrate 
RNA to form a helix 5. 

77. Trans-cleaving Hairpin ribozyme comprising at least 6 base pairs in 
25 helix 2 lacking a substrate RNA moiety. 

78. Trans-ligating Hairpin ribozyme comprising at least 6 base pairs in 
helix 2 lacking a substrate RNA moiety. 

79. The ribozyme of claim 73 having the structure of Fig. 73. 

80. The ribozyme of daim 73 having the structure of Fig. 74. 
30 81 . A cell including the ribozyme of any of claims 73-80. 
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82. An expression vector comprising nucleic acid encoding the 
ribozyme of any of claims 73-80, in a manner which allows 
expression of that ribozyme within a cell. 

83. A cell including an expression vector of claim 82. 

5 84. Method for altering in vivo the nucleotide base sequence of a 
naturally occurring mutant nucleic acid molecule, comprising the 
steps of: 

contacting said nucleic acid molecule in vivo with an 
oligonucleotide or peptide nucleic acid able to form a duplex or 
1 0 triplex molecule with said nucleic add molecule, wherein formation 

of said duplex or triplex molecule directly, or after nucleic acid 
repair in vivo, causes at least one base in said nucleic acid 
molecule to be chemically modified to functionally alter the 
nucleotide base sequence of said nudeic add sequence. 

1 5 85. The method of claim 84, wherein said oligonucleotide is of a length 
sufficient to activate dsRNA deaminase in vivo to cause conversion 
of an adenine base to inosine in an RNA molecule. 

66. The method of daim 84, wherein said oligonucleotide comprises an 
enzymatic nucleic acid molecule which is active to chemically 
20 modify a base. 

87. The method claim 84, wherein said nucleic acid molecule is DNA or 
RNA. 

88. The method of claim 84, wherein said oligonucleotide comprises a 
chemical mutagen. 

25 89. The method of claim 88, wherein said mutagen is nitrous acid. 

90. The method of claim 84 wherein said oligonucleotide causes 
deamination of 5-methylcytosine to thymidine, cytosine to uracil, or 
adenine to inosine, or methylation of cytosine to 5-methylcytosine. 

91. The method of claim 84, wherein an endogenous mammalian 
30 editing system is co-opted to cause said chemical modification. 
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92. Method for introduction of enzymatic nucleic acid into a cell or 
tissue, comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
enzymatic nucleic acid associated with a second nucleic acid 
5 molecule having sufficient complementarity with said first nucleic 

acid molecule so that it is able to form an R-loop base-paired 
structure under physiological conditions with said first nucleic add 
molecule; wherein said R-k>op is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
1 0 RN A from said first nucleic acid under said conditions; 

and contacting said complex with said cell or tissue under 
conditions in which said enzymatic nucleic acid molecule is 
produced in said cell or tissue. 

93. Method for introduction of a desired nucleic acid into a cell or tissue, 
1 5 comprising the steps of; 

providing a complex of a first nucleic acid molecule encoding said 
desired nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
20 . structure under physiological conditions with said first nucleic acid 

molecule; wherein said first nucleic acid molecule lacks a promoter 
region and said R-loop is formed in a region of said first nucleic 
acid molecule at a location which promotes expression of RNA from 
said first nucleic acid under said conditions; 

25 and contacting said complex with said cell or tissue under 

conditions in which said desired acid molecule is produced in said 
cell or tissue. 

94 Method for introduction of a desired nucleic acid into a cell or tissue, 
comprising the steps of; 

30 providing a complex of a first nucleic acid molecule encoding said 

enzymatic nucleic acid associated with a second nucleic acid 
molecule having sufficient complementarity with said first nucleic 
acid molecule so that it is able to form an R-loop base-paired 
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structure under physiological conditions with said first nucleic add 
molecule; wherein said R-loop is formed in a region of said first 
nucleic acid molecule at a location which promotes expression of 
RNA from said first nucleic add under said conditions; 

5 and wherein said second nudeic acid further comprises a 

localization factor, 

and contacting said complex with said cell or tissue under 
conditions in which said desired nudeic add molecule is produced 
in said cell or tissue. 

95. Complex of a first nudeic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 
molecule so that it is able to form an R-loop base-paired structure 
under physiological conditions with said first nucleic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nucleic acid under said conditions. 

96. Complex of a first nucleic acid molecule encoding a desired nucleic 
acid associated with a second nucleic acid molecule having 
sufficient complementarity with said first nucleic acid molecule so 
that it is able to form an R-loop base-paired structure under 
physiological conditions with said first nucleic acid molecule; 
wherein said first nucleic add molecule lacks a promoter region 
and said R-loop Is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
first nucleic add under said conditions. 

97. Complex of a first nucleic acid molecule encoding an enzymatic 
nucleic acid associated with a second nucleic acid molecule 
having sufficient complementarity with said first nucleic acid 

30 molecule so that it is able to form an R-loop base-paired structure 

under physiological conditions with said first nucleic acid molecule; 
wherein said R-loop is formed in a region of said first nucleic acid 
molecule at a location which promotes expression of RNA from said 
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first nucleic acid under said conditions, and wherein said second 
nucleic acid further comprises a localization factor. 
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EcoRI T7 Promoter Trans Ribozyme 3' Cis-acting Ribozyme Hindlll 
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FIG. 34a. 
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flQ 44 S35 Sequence 

GGCAGAACAG CAGAGUGGCG CAGCGG AAGC GUGCUGGGCC CAU AACCCAG 5 0 
AGGUCG AUGG AUCG AAACCC CGG AUCGU AC CGCGGUGG AU CC ACUCUGCU 100 
GUUCUGUUU 109 

FIG. 45. HHIS35 

GGCAGAACAG CAGAGUGGCG CAGCGG AAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCG AUGG AUCGAAACCC CGG AUCGUAC CGCGGCACAA CACUGAUGAO 100 
GACCGAAAGG UCCGAAACGG QCAGGAUCCA CUCUGCUGUU CUGUUU 146 

Underlined bases indicate the HHI ribozyme sequence 



FIG. 46. S35 p,u $ Sequence 



GGCAGAACAG CAGAGUGGCG CAGCGG AAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGGGAUC CUAACGAUCC 100 
GGGGUGUCGA UCCAUCACUC UGCUGUUCUG UU U 133 



jTjQ HHIS35 Plus 



GGCAGAACAG CAGAGUGGCG CAGCGG AAGC GUGCUGGGCC CAUAACCCAG 50 
AGGUCGAUGG AUCGAAACCC CGGAUCGUAC CGCGGCACAA CACUGAUOAO 100 
GACCGAAAGG UCCfiAAACGG GCAGGAUCCU AACGAUCCGG GGUGUCGAUC 150 
CAUCACUCUG CUGUUCUGUU U 171 



Underlined bases indicate the HHI ribozyme sequence 
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A BOX = URGCNNAGYGG | This is based on Geiduschek & Tocchini-Valenuni, 

(1988) Annv. Review Biochcnv 57, 873-914. However 
B BOX = GGUUCGANUCC I this consensus sequence is not meant to be limiting 

N = A, U, G, or C 

R = Purine 

Y = Pyrimidine 
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